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Abstract
African  urban  population  is  expected  to  exceed  50%  by  2030  (UN  2010).  Understanding  of 
processes, which dominate the ecology of urban areas is crucial for better management and urban 
planing particularly of developing cities in vulnerable environments. 
As  many  cities  in  the  developing  world,  Ouagadougou,  the  capital  of  Burkina  Faso  has  been 
increasing dramatically in population and in area, a process which is predicted to continue (UN
2010). Ouagadougou is located in the Sudan-Sahel, south of the Sahara, an area which suffered 
severe droughts in the 1970's and 1980's. This vulnerable environment and the on-going process of 
urban sprawl set the scene for the current investigation.   
The  present  research  takes  its  point  of  departure  in  a  remote  sensing  analysis  of  Normalized 
Difference Vegetation Index (NDVI), as a proxy for Net Primary Production (NPP), for the area of 
Ouagadougou  for  the  years  2000  to  2009.  This  analysis  indicate  a  spatio-temporal  pattern  of 
decreasing ecosystem productivity in patches organized as a wide belt around Ouagadougou, while 
areas at the centre of the city show no change or increasing productivity. 
The  field  investigation,  integrating  social  and  ecological  methods,  included  semi-structured 
interviews, transect-walks, analysis of the plant community (canopy cover and functional structure) 
and availability of soil nutrients (C, N, P) at different patches. 
The results  reveal  that  anthropogenic activity is  highly influential  for the spatial  distribution of 
phosphor in the urban soils, and for the distribution and functional structure of urban vegetation. On 
the other hand, carbon and nitrogen distribution in the soil was found to be determined by water 
availability and positively related to vegetation. Yet, the results also indicate high variability inside 
the urban ecosystem, variability which is scale and context-dependent. 
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Résumé de recherche
On s’attend  à  ce  que  la  population  urbaine  africaine  dépasse  50% d’ici  2030  (UN 2010).  La 
compréhension des processus qui dominant  l’écologie des zones urbaines est indispensable afin 
d’améliorer la planification et gestion urbaine, particulièrement dans le cas de villes se développant 
dans des environnements vulnérables.
De même que de nombreuses agglomérations des pays en voie de développement, Ouagadougou, la 
capitale du Burkina Faso, a vu sa population et sa superficie augmenter considérablement. Et l’on 
s’attend a ce que ce processus se poursuive (UN 2010). Ouagadougou est située au Soudan-Sahel, 
au sud du Sahara, dans une region qui connu d’importantes sècheresses au cours des années 1970 
et  1980.  Cet  environnement  fragile  ainsi  que  ce  processus  persistant  d’élargissement  urbain 
forment la trame de la présente recherche.
Celle-ci prend son origine dans une analyse par télédétection de “Normalized Difference Vegetation 
Index” (NDVI), substituée à une “Net Primary Production” (NPP), sur la zone de Ouagadougou 
durant les années 2000 à 2009. Cette analyse présente un modèle spatio-temporel tangible: d’un 
côté  la  baisse  du  NPP   dans  les  parcelles  ceinturant  Ouagadougou.  D’autre  part,  soit  aucun 
changement, soit une augmentation de productivité sur certaines zones à l’intèrieur de la ville.
L’étude de terrain,  basée sur une méthodologie sociale  et écologique,  comprenait  des entretiens 
(Semi-Structured  Interviews),  des  ”transect-walks”,  une  analyse  de  la  communauté  végétale 
(couvert arboré  et structure fonctionnelle) et de la disponibilité de nutriments de sol (C, N, P) sur 
les différentes parcelles.
Les résultats montrent que l’activité humaine influence fortement la distribution du phosphore dans 
les sols urbains, mais également la distribution et structure fonctionnelle de la végétation urbaine. 
D’un autre côté la distribution du carbone et de l’azote dans le sol se trouva plutôt influencée par la  
disponibilité d’eau et liée de facon positive á la végétation. Cependant les résultats indiquent aussi 
une grande volatilité au sein de l’écosystème urbain, ladite volatilité dépendant des échelles et du 
contexte.
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1. Introduction 
 1.1. Background 
 The Sahel-Sudan and Burkina Faso 
The Sahel-Sudan area south of the Sahara desert in Africa is a sensitive ecosystem which supports 
millions of people in some of the world's poorest countries. Since the droughts the Sahel inhabitants 
have suffered in the 1970's and 1980's, remote sensing monitoring have shown a trend of greening 
of the Sahel ecosystem (Hickler et al. 2005,  Lykke 2004 and  Sjostrom 2004). As opposed to the 
general  greening  trend  of  the  Sahelian  zone,  a  significant  abnormality  of  decrease  in  NPP  is 
observed in  patches  organized  in  a  2-3km wide belt  around Ouagadougou (Fig.  1),  as  well  as 
around some other Sahelian cities1. 
According to the African Biome Classification (UNEP 2010), Burkina Faso has three major biomes 
crossing the country from east to west as wide belts (Fig. 2). To the north lies the arid to semiarid 
Sahel biome with annual precipitation of between 400mm and 600mm and potential evapotranspira-
tion of over 1900mm annually. In the south of the country the conditions are sub-humid to humid 
with more than 1000mm rain annually and potential evapotranspiration rate of 1700mm or less per 
year on average. This biome is classified as the Moist Guinea Savanna. Between the semi-desert 
conditions  of the Sahel and the moist  conditions  of the Guinean Savanna, running through the 
centre of the country is the Dry Sudan-Savanna. Annual precipitation in the Dry Sudan-Savanna is 
between 600mm and 1000mm and evapotranspiration rates vary between 1700mm and 2000mm 
annually (UNEP 2010 and Virmani et al. 1980). 
Much of the Dry Sudan-Savanna biome was influenced by human activity for many years and is 
defined as a type of agro-pastoral2 ecosystem (Madsen et al. 2004). Burkina Faso's savanna soils 
are dominated by Cambisols (Ouédraogo et al. 2004).  The plant community in the Dry Sudan-Sa-
vanna ecosystems is dominated by:  Poaceae,  Fabaceae,  Cyperaceae,  Euphorbiaceae,  Malvaceae, 
1 The same regression analysis done for vegetation productivity around Ouagadougou in Fig. 1 was done for two other 
large  urban  settlements  in  Burkina  Faso  (Bobo-Dioulasso  and  Boromo).  The  results  indicate  a  similar  trend  of  
decreasing vegetation productivity around the city centre over the last 10 years. 
2 Agro-pastoral  landscape,  or  ecosystem,  in  the  current  work  refers  to  the  the  stage-managed  landscape  around  
Ougadougou which is used by local rural communities for agricultural and pastoral activities.   
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Mimosaceae,  Asteraceae,  Convolvulaceae,  Rubiaceae and  Caesalpiniaceae.  These families have 
representatives in different functional groups, from herbs to trees and shrubs (Madsen et al. 2004). 
 Ouagadougou - Changing and Expanding, Semi-arid Urban Ecosystem 
On a north-south grid, Ouagadougou and the study area are located approximately in the centre of  
the Dry Sudan-Savanna biome at an altitude of around 300m above sea level. Locally, the mean 
annual  precipitation  in 
Ouagadougou,  (1971-
2008)  is  740mm  (INSD
2006a). The rainy season 
has  average  of  66  rainy 
days  between  April  and 
October  with  August 
being  the  rainiest  month 
of  the  year.  April  is  the 
hottest month where daily 
temperatures  can  reach 
40° C or more. December 
to February are the cold-
est  months  of  the  year 
with  minimum temperat-
ures  down  to  16°  C  at 
night (Virmani et al. 1980 
and  INSD  2006a).  The 
annual  potential  evapo-
transpiration  in 
Ouagadougou  is  estim-
ated  to  be  of  2080mm 
(Wang et al. 2007).
Ouagadougou is the cap-
Figure  1:  Change  in  iNDVI,  as  a  proxy  for  NPP,  in  and  around 
Ouagadougou for the years 2000-2009. Reddish colours indicate decrease in 
NPP greenish colours indicate increase in NPP. Grey colour indicates no 
significant  change  (95%  probability).  The  blue  rectangle  illustrates  the 
area shown in Fig. 3. 
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ital  and  the  largest  city  of 
Burkina Faso, it is a growing 
city as is the urban popula-
tion  in  Burkina  Faso  as  a 
whole  (INSD  2006b).  The 
growth  of  Ouagadougou  is 
the  main  reason  for  the 
growth  in  urban  population 
of Burkina Faso and its rate 
of growth is still higher than 
the  rate  of  growth  of  other 
urban  areas  (INSD  2006b). 
The  initial  reason  for  the 
extensive  urban  growth  of 
Ouagadougou in the last 30-
35  years  was  rural  migra-
tion:  First,  rural  population 
was fleeing the droughts and 
famines that prevailed in the 
area at the 1980's. Secondly, 
young  people  from  rural 
communities  were  escaping 
the  traditional  way  of  life 
towards the liberal life in the 
city  (De  Jong  et  al.  2000). 
Last  but  not  least,  foreign 
immigrants, as well as Burk-
inabé people, were arriving to Burkina Faso due to political instability in the neighbouring Ivory 
Coast. For these people, rural life was not an option and they settled in Ouagadougou and its sur-
roundings in hope to find work (De Jong et al. 2000). Today, these trends are less important, and 
Figure  2: Burkina Faso biomes. Three different biomes cross the 
country as wide belts from east to west. In the north is the Sahel 
biome,  in  the  centre  the  Dry  Sudan-Savanna  (including 
Ouagadougou)  and  in  the  south  the  Moist  Guinea  Savanna 
(source: UNEP 2010).
Ouagadougou
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might have even  reversed their  course (Beauchemin 2011). Thus at present day,  natural growth 
within the urban population itself is the major reason for the expansion of the city (Balbo 2003, De
Jong et al. 2000 and Kress 2006). 
At the beginning of the urbanization process the city lacked detailed urban planning (Fournet et al.
2008). Only in august 1984, a year after country has undergone a revolution, and almost a decade 
after the beginning of the period of growth in the urban population, the new government launched 
its first plan for the urban area3 (Fournet et al. 2008). Still, due to the extensive growth in population 
and the resulting urban sprawl, much of the new urban inhabitants have settled in unplanned, illegal  
settlements (Fournet et al. 2008 and Prat 1996). The significance of this is, that despite of the plan-
ning and development process which is taking place, much of the urban population is lacking the 
access to basic infrastructure and services. This in turn increases health hazards in those areas of the 
city (De Jong et al. 2000, Fournet et al. 2008, UN-Habitat 2003 and UNEP 2009).
 The Process of Urban Sprawl in Ouagadougou
Despite attempts to administrate the urban growth and sprawl of Ouagadougou and of other urban 
regions in Burkina Faso, many still cities lack a municipal plan (Ouédraogo 2002). Moreover, the 
urban and rural populations which are affected by the existing development plans are not always 
aware of these plans (Fournet et al. 2008 and Ouédraogo 2002). Ouagadougou, have expanded its 
area, and its population have increased twofold from 750,000 to 1,475,000 in the decade from 1996 
to 2006 and is estimated to have reached 1.9 million by 2010 (INSD 2006b, UN 2010). The con-
tinuous growth as well as the lack of planning and information has consequences for the inhabit-
ants. In many cases, people in and around the city are surprised by the development plans, some-
times resulting in reallocation of their lands for development (Ouédraogo 2002). 
The change in land tenure and land-use from rural, communal, agro-pastoral land into private urban 
and suburban plots increases its economic value, thus making it a possible source of income for its 
owners  (Ouédraogo  2002).  Therefore, “...People  try  to  predict  building  development  projects,  
which may be decided on with very little  warning, and obtain land for speculative  purposes.”  
(Ouédraogo 2002), many times, resulting in process of land grabbing for economic purpose around 
3 Fournet et al. 2008 tells the story of the urbanization of Ouagadougou from the colonial times until the end of 1990's, 
accompanied with maps and detailed explanations. Their work illustrate the patchiness in the urban structure of the 
centre of Ouagadougou. In this investigation I will focus on the outskirts.
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the planed, legal border of the urban zone.
The consequence of this is an on-going process of unplanned urban sprawl, which is driven by 
spontaneous,  illegal  capture  of  land in  the urban outskirts.  People  from within  and around the 
formal urban area speculate about development projects. They, illegally move into the area set for 
development expanding the informal urban zone. The next phase is the parcelling of the area by the 
municipality and distribution of parcels to some of the “illegal inhabitants” that have moved into the 
area. Others, which have not received a parcel, would move away to other areas where they suppose 
development will happen next. In this way the borders of the urban area are dynamically changing 
and  expanding,  creating  new  patches  of  urbanization  around  the  city  (Fournet  et  al.  2008, 
Ouédraogo 2002 and Prat 1996).
 Urbanization, not Desertification
From analysis of the change in  iNDVI4 over the last decade (Fig.  1), it seems that there are large 
areas  around Ouagadougou that  undergo decrease  in  vegetative  land cover.  This  pattern  draws 
attention since Ouagadougou is located in an area which in the past was subject to long droughts 
and desertification. The concept of desertification is still widely debated (Rasmussen et al. 2001), 
however this pattern where soil fertility is lost due to urban sprawl meets the definition of deserti -
fication by the United Nation Convention to Combat Desertification (UNCCD): “Desertification  
means degradation of land and vegetation, soil erosion and the loss of topsoil and fertile land in  
arid, semi-arid and dry sub-humid areas, caused primarily by human activities and climatic vari-
ations” (Holtz 2003). 
Despite what is mentioned above, the question of whether the processes seen around Ouagadougou 
is desertification or not is not the main interest here. As must urban soils are not used for growing 
crops or for growth of other vegetation, when soil is covered by human constructions the issue of 
soil resources availability for vegetation becomes indifferent. Therefore, the matter of decreasing 
soil fertility misses its importance when the land-use is transformed from agro-pastoral into urban 
area. 
4 iNDVI – Integration of the values of the Normalized Difference Vegetation Index. It is an indicator for vegetative 
primary production inside a specific pixel over period of time. In the current investigation I will usually be referring to  
'vegetative productivity' or NPP rather to 'iNDVI' since iNDVI is only used as an indicator while the actual NPP is the 
relevant factor for this work. 
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Nevertheless,  the  availability  of  soil  nutrients  in  soils,  which  are  still  available  for  vegetation 
growth, is expected to have interrelations with the vegetative communities in these areas through 
biogeochemical  processes (Bernhard-Reversat 1982,  Davies & Hall  2010 and  Schlezinger  et  al.
1990). Therefore, the pattern of soil nutrients availability in the urban ecosystem of Ouagadougou is 
an issue which is investigated in this research. It is important to stress though, that the focus in this  
research is on the importance of different processes influencing the spatial distribution soil nutri-
ents, rather than on the possible outcomes of what might seem as decreasing of soil fertility. 
 1.2. Problem Formulation
Due to the vulnerability of the Sahelian zone and the on-going demographic developments in this 
area,  gaining  better  and deeper  understanding of  the  socio-ecological5 processes  governing the 
growing cities in the Sahel can help improving the administration of these urban areas. Moreover, 
urban areas in Africa and other parts of the developing world are expanding and gaining growing 
regional and global importance. A better understanding of the ecology of urban growth in the Sahel 
can improve our knowledge about the way regional and global processes are influenced by this 
growing urbanization. 
Cities sprawl in various spatial configurations, which create diversity of ecosystems with different 
land covers and with varying ecological, hydrological and socio-political properties. These dynam-
ically influence each other creating heterogeneity of patches of urban ecosystems inside the metro-
politan area (Picket et al. 2001). Therefore, urban areas can be divided into patches and sub-patches 
dependent on the sensitivity of the spatial, the temporal and the spectral scales used (McCoy 2005 
and Pickett et al. 2008). The sprawling of Ouagadougou has created patches of urbanization which 
are different from each other in many of their characteristics. The age of buildings, their density, 
parcelling and planning, the building style, the building materials, vegetation, access of the inhabit-
ants to infrastructure and services, socio-economic condition of the inhabitants and land-use are all 
socio-ecological parameters which vary between different areas of the city (De Jong et al. 2000 and 
Fournet et al. 2008). 
Both De Jong et al. (2000) and Fournet et al. (2008) use similar deviation of the urban ecosystem of  
5 Socio-ecological is treated in this work as the complex of social and ecological phenomenons and processes which  
interact in the urban space to create the urban ecosystem. In the current investigation only some of these factors are  
regarded as will be explained below.  
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Figure  3: Above an area at the north of Ouagadougou (west of highway N22) which have shown 
steep decrease in NDVI between 2000 and 2009. The red line borders the area which is shown in 
Fig. 1 to have decreased iNDVI. The image is from October 2002. Below, the same area in October 
2009. Notice the large area in the centre, inside the yellow circle where a very dense settlement has 
appeared in 2009 on a nearly bare area in 2002. (source: GoogleEarth).
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Ouagadougou.  They  base  it  on  the  demographic  and  socio-economic  characteristics  mentioned 
above. I take as the point of departure in this research the patchiness seen in vegetation productivity 
over the last decade (as will be clarified later in the report). While some areas of the city have  
shown a decrease in NPP, other areas show no change or even increase in NPP.  From satellite 
images  of the Moderate-resolution Imaging Spectroradiometer  (MODIS) a pattern of change in 
vegetation in and around Ouagadougou is visible (Fig. 3 below). Simple comparison of the different 
areas,  where change have  occurred,  to   Satellite  images  from  GoogleEarth for  2000 and 2009 
revealed that many of the areas where iNDVI has decreased are areas where densely constructed 
houses have shown up in the last 10 years (Fig. 3). This is mainly in the outskirts of the city. On the 
other hand, areas in the city which have demonstrated increase in iNDVI are villa neighbourhoods 
as well as urban parks and gardens (Fig. 19 and 17 respectively). 
The different patterns of change in NPP seen in figure  1 reflect changes in land-use and in land 
cover, usually from agro-pastoral ecosystem into different types of urban ecological patches. The 
population of Ouagadougou is expected to continue growing and the process of its urban growth 
and urban sprawl are predicted to continue in the near future (UN 2010).  Moreover predictions 
made by the UN anticipate that Africa’s urban population will increase from 37.5 to 50.7 per cent of 
the total population between the years 2005 and 2030 (UN 2010), making this a regional trend.
The purpose of this research is to gain better understanding of the complexity of some of the on-
going interactions inside the urban ecosystem of Ouagadougou. Taking its point of departure in the 
change of iNDVI and in the urban sprawl that the city has experienced in the last decade or so, this  
investigation aims to understand: 
In what ways do vegetation,  soil  resources  and humans interact  to create  the patterns of 
patchiness in the urban ecosystem of Ouagadougou? 
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2. Conceptual Model of the Thesis Structure
A conceptual model of the structure of the thesis. In this work social and physical geographic methods are 
integrated with ecological methods. Variety of social and ecological processes and phenomenons are analysed at  
different scales in order to get a better understanding of the complexity and heterogeneity of the dynamic urban 
ecosystem of Ouagadougou.   
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3. Theoretical Concepts
In the following paragraphs the relevant theoretical background will be put forward for the reader to 
get a deeper understanding of the research question and the line of reasoning leading the investiga-
tion for answers. Heterogeneity and complexity rule the interactions within and between ecosystems 
and their components. Therefore, taking the results and conclusions of other ecological research 
works, as a general rule which will also hold true in the specific case of Ouagadougou is infeasible,  
no matter how similar they are to the current study (Mugerauer 2010 and Neugebauer 2006). There-
fore, this chapter does not get into the details of previous works. Instead the aim here is to give the 
reader a general overview of the fields of knowledge used in this work. The chapter reviews urban 
ecology with focus on urban soils and vegetation, and, the soils and vegetation of the Dry Sudan-
Savanna. Moreover it explains the creation of islands of fertility in semiarid environments and its 
possible  relation  to  the process of urbanization.  The relevant  details  and arguments  from these 
fields, which will be needed to understand the analysis of the results, are given later in the report 
related to the specific discussion. 
 3.1. Urban Ecology – The City as an Ecosystem 
Ecology as a field of research seeks to understand the complex interactions between different com-
ponents of the ecological systems. A seasonal rainwater puddle, a coral reef and the whole Amazon 
rain forest are all examples of ecosystems. Despite the differences in many of their characteristics 
as size, location, medium, the living organisms etcetera, all of these are integrating living and non-
living components which are in complex interactions with each other. It is long recognized that 
humans have influence on their environments and it is also accepted that different environments 
have different effect on human societies in them. Therefore research of human society as a compon-
ent of an ecosystem having interactions and feedback mechanisms with other components of the 
ecosystem is an important side of present ecological research. This is particularly true in ecosystems 
with high concentration of humans, as urban environments (Alberti 2008, Pickett et al. 1997, Pick-
ett & Grove 2009 and Young 2009).
It is well documented that cities have an influence on the lifeworld in them and around them (Pick-
ett et al. 2008 and Mugerauer 2010). The influence of the city might be local, as for example, by 
changing the soil structure and land cover from natural soils to asphalted roads, or by creating an 
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artificial island of heat increasing the temperatures locally and downwind from the urban area. Cit-
ies might also have an effect on larger areas and scales. For example; the increase in water and air 
pollution caused by urban settlements and then carried and deposited in other locations than the city 
itself, the city as a sink for natural resources imported from other areas, and, the sprawling of many 
cities overtaking natural and agricultural lands (Botkin & Beveridge 1997 and Pickett et al. 2008). 
The phenomenological term lifeworld was put forward in an attempt to escape the dualism of nat-
ural and cultural. Maugerauer (2010) notes lifeworld, (termed by Erwin Straus 1966), as made of all 
the human and non-human, living and non-living elements and events that shape and influence on 
our daily reality. Lifeworld is only one of the important concepts used in the new urban-ecology 
epistemology (Mugerauer 2010) which this work tries to follow. It is a post-positivist epistemology, 
accepting that  ecological  systems are dynamic  non-linear  processes which continuously interact 
with other processes never reaching a real equilibrium. It includes terms as complexity, non-linear-
ity, no-equilibrium, heterogeneity, dynamic, non-predictable and context dependency. Thus, in this 
work I do not attempt to “predict” or to “explain” the one reason for certain phenomenon. I rather 
try to understand a complexity of processes and their interactions.
This work lies within the frames of urban ecology6 which is a dynamic sub-field of ecology. In the 
literature it is possible to distinct between two approaches to urban ecology. The first one is termed 
Ecology in Cities, focusing on the organisms, soils, and the physical environment at specific ecolo-
gical patches in cities. The other approach, which the current work aims towards, is called Ecology 
of Cities. This approach deals with investigation of the city as a whole system from an ecological 
point of view (Picket et al. 2001).
Present urban ecology is seeking to integrate theories and methods from humanities and the social 
and natural sciences in order to understand ecosystems which have important human components 
integrated into them (Alberti  2008,  Mugerauer 2010 and  Young 2009). In short,  urban ecology 
focuses on the spatial and temporal organization and abundance of components of the urban life-
world. Ecological processes can be extremely different from each other under different conditions 
at different cities, dependent on parameters varying from climate conditions, through urban plan-
6 In this report I will not include a comprehensive explanation of the emergence and the development in the field. For an  
overview I recommend Botkin & Beveridge 1997, Picket et al. 2001, Pickett et al. 2008, Mugerauer 2010, Alberti 2008 
(chapter 1) and Young 2009. 
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ning, to socio-economic conditions. Therefore, urban ecology is not trying to find and write general 
rules for ecological processes in all urban environments. Instead, it is trying to understand the com-
plex processes and feedback mechanisms between human and non-human actors under the urban 
settings. It is attempting to recognize structures and patterns that influence biogeochemical budgets, 
non-human and human communities, and feedbacks between these components in metropolitans 
and around them. The essence of urban ecology, from its early days until today, is the view of the 
city as an ecosystem (Mugerauer 2010). 
The current  work is aiming to understand what the processes are that influence the ecology of 
Ouagadougou, focusing on the urban ecosystem of its growing outskirts. Following the concept of 
lifeworld  and  the  complexity  theory (discussed  below),  many  interacting  factors  should  be 
considered in order to complete the picture of environmental change in these areas. In this work I 
concentrate  on  the  demographic  process  of  urban sprawling  and its  influence  on the  soils  and 
vegetation of urban patches in the outskirts of the city. The research of the specific urban vegetation 
and soils is done in relation to the non-urban vegetation and soils in the region. 
Unfortunately a distinct clear definition of the term urban which can be used for all political and 
scientific purposes is still unavailable (Pickett & Cadenasso 2009). In this work I am investigating 
various patches in and around the centre of Ouagadougou, all having different types and degrees of 
urbanization (this point will be discussed later in the report). The degree of urbanity at each study 
site can be argued upon, however all study sites (except for the site Out of the city) are located 
within the urban ecosystem of Ouagadougou, and therefore regarded as urban. 
 3.2. Complexity in Ecosystems 
Ecosystems contain living organisms and inanimate materials and resources. The emergence of, and 
the embedded complexity of ecosystems is a result of the interactions of organisms with themselves 
and with the inanimate resources. These interactions are influenced by externalities like temperat-
ure, moisture and light and therefore vary over time and space (Green & Sadedin 2005). The signi-
ficance of that for the research of ecosystem in general, and for the field of urban ecosystem in par-
ticular, is the underlying perception that ecosystems are complex and dynamic processes themselves 
(Green et al. 2006). Complexity in ecosystems is expressed by non-linear relations between pro-
cesses. Where each process has a range of different outcomes and each phenomenon can have a 
The Ecology of Urbanization: The case of Ouagadougou, Burkina Faso 13
range of causing processes (Green et al. 2006 and Neugebauer 2006). 
This notion of complexity is specifically important for the current investigation as I avoid claiming 
for a coherent understanding of the complete ecosystem. The problem of understanding the change 
in the urban ecosystem is accessed by focusing on a range of different socio-ecologic processes at a 
variety of scales. The aim of this is to avoid a reductionist, simplified linear approach to the urban 
ecosystem. Integrating the concept of scale into this, it is accepted that processes described here are 
constituted of evolutions which are taking place on a finer scale, and, themselves are only part of 
larger phenomenons. Thus, the results of the current investigation can only tell a part of the story. 
 3.3. Urban  Soils  –  The  State-Factor  
Approach as a Framework 
Due to the massive anthropogenic influence on 
urban  soils,  understanding  these  soils  requires 
understanding of socio-cultural  and biophysical 
processes – the specific ecological urban context 
in  which  these  soils  are  found  (Byrne  2007, 
Lorentz  & Lal  2009 and  Pickett  & Cadenasso
2009). 
A  comprehensive  framework  for  comparing 
urban and non-urban soils is suggested by Pick-
ett & Cadenasso (2009). Their work is based on 
the State-Factor approach7 for formation of soil 
as suggested by Hans Jenny in 1941. The frame-
work was  used  here  as  a  guideline  for  under-
standing  processes  that  might  be  affecting  not 
only soils but the ecology, the lifeworlds in the 
study sites and in the city as a whole. 
7 The Soil-forming State-Factor approach was originally meant to be used for analysing the influence of a single factor 
on the properties of soils. By investigating series of soils where only the factor of interest changes whiles other factors 
remain constant the influence of the factor of interest can be isolated and studied. In this work I use this framework in a  
different way. This point is explained in the text.
Figure  4:  A  schematic  representation  of  the 
framework  suggested  by  Pikett  &  Cadenasso 
(2009) for comparing urban and non-urban soils. 
The five state factors their framework are the to 
those in the original framework by Hans Jenny. 
In a human dominated ecosystem however, these 
state  factors  are  constantly  influenced  by 
anthropogenic  activity  which  is  represented  in 
the  new  model  by  the  side-node.  (Figure 
reproduced after: Pickett & Cadenasso 2009:39)
Novel & modified
 Urban Soils
Climate
Topography
Organisms
Time
Parent material
Disturbance
Altered Resources 
Heterogenity
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Originally,  the five state-factors that were considered to affect soil  formation are:  climate,  land 
form, soil organisms, parent material and time (Pickett & Cadenasso 2009). Thus variation in one of 
these would lead to spatio-temporal variance of soils. Most urban soils are characterized as tech-
nosols, soils which are modified by technical human activity (Lorentz & Lal 2009). These soils of 
cities, towns and suburbs may be as heterogeneous as the sum of anthropogenic and natural influ-
ences on the specific patch of ecosystem in which they are located. This heterogeneity might show 
at  a  range of  spatial  scales  depending on the  spatial  scales  of  the  influencing  socio-ecological 
factors and processes. The soil under an asphalted road is different from the soil of the ornamental  
garden at the roadside, and both of these are different from the soil of a large urban park on the 
other side of town. The accelerating urbanization increases the need for describing and studying this 
heterogeneity, thus gaining a better understanding of the complexity of processes influencing urban 
soils (Pickett & Cadenasso 2009). 
The work of Pickett & Cadenasso (2009) depart from the original model suggested by Hans Jenny 
who describe a simple causal link between the five state factors to the formation of native, and agri-
cultural soils. Pickett and Cadenasso add Disturbance, Altered resources and Heterogeneity as ele-
ments of manipulation acting to modify the influence of the state factors on the soil (Fig. 4). 
Disturbance is defined here as an event with sudden onset, with short duration and with short effect. 
It  leads to changes  (not necessarily negative  ones) in the structure of the soil  system;  it  might 
change resource availability directly by leading to “loss of key structural components that acts as a  
source or a sink of resource, or filters the flows of a resource” (Pickett & Cadenasso 2009:27). In 
urban soils  disturbance can have physiochemical  or biotic  drivers (Pickett  & Cadenasso 2009). 
Biotic drivers, in accordance with the  new urban ecology epistemology, include both human and 
non-human organisms and their social, cultural organizations. 
Altered resources refer here to the complexity of spatial and temporal availability of various soil 
resources as nutrients and organic matter, and the availability of other resources as light and water 
which can be influential for soil formation and character (Pickett & Cadenasso 2009).
Heterogeneity in urban ecosystem is occurring on a variety of spatial  scales leading to extreme 
patchiness in urban environments. This patchiness is expressed in the heterogeneity of urban soil-
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structure as well. Sources of heterogeneity can be micro-climate, topography and land cover, infra-
structure,  hydrology and drainage,  biological,  social,  demographic  and economic  activities  and 
institutions (Pickett & Cadenasso 2009). 
In urban areas the extreme patchiness can have different layers of heterogeneity thus patches which 
differ from one another by one characteristic, might have internal spatial patchiness. This complex 
mosaic can be very dynamic, changing size, structure, composition and characterization with time 
(Pickett & Cadenasso 2009). Thus the level of patchiness in urban soils is dependent on the scale by 
which we look at the study area. 
 3.4. Vegetation in Urban Areas 
Figure 1 is an example of how this patchiness is expressed in the case of Ouagadougou. Different 
areas demonstrate varying properties of vegetation which are expressions of different ecosystem 
properties, in this case vegetation cover. The literature about urban ecosystems bring forward many 
cases of change in species composition and vegetative land cover which are closely related to urban 
sprawl and various anthropogenic activities (Picket et al. 2001). It is therefore expected that the 
patchiness seen in figure 1 can be traced in the quantity and quality of the vegetative community. 
The effect urbanization has on plant communities is complex and dependent on factors like type of 
ecosystem previous to urbanization, the intensity of urbanization, styles of urban planning and the 
time span from the beginning of the change of ecosystem characters. There are few factors which 
vegetative community is measured by, and compared by to other vegetative communities. Ecolo-
gists researching the influence of the city on vegetation tend to focus on three characteristics of the 
vegetative community (Alberti 2008,  Bigirimana et al. 2011,  Pickett et al. 2008): total vegetation 
land cover and its two-dimensional spatial complexity (distribution in the landscape), the three-di-
mensional complexity (functional distribution), and the species complexity (diversity). The evalu-
ation of these characteristics is dependent on the methods used, on the time and location of the 
assessment and, on the temporal and spatial scales of it. Thus a specific urban development8 at a 
certain location at a certain time, can cause a positive change in the diversity of species and in the 
three-dimensional complexity but simplify or reduce the total vegetative land cover, while other 
8 An example for this type of change can be shift from agricultural area into sub-urban area, thus change from a field 
with only single crop into an area with different types of trees, grass and bushes. 
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type of urbanization might have different consequences (McKinney 2008 and Pickett et al. 2008). A 
fourth aspect of the influence of urbanization on vegetative community, which is strongly related to 
the third one, is the introduction  of exotic  species, influencing species diversity (McKinney 2008 
and Pickett et al. 2008).
The knowledge about urban ecosystems of African cities is still poor in comparison to European 
and North American cities (Bigirimana et al. 2011). Researches done in Europe and North Amer-
ican cities indicate that urban vegetative land cover is influenced by the surrounding ecosystem. 
Cities surrounded by forests have the vegetative cover, followed by grassland cities and by desert 
cities (Nowak et al. 1996). Patches of relative shade and humidity, and different soils also play a 
role, however, as it is in other areas in the Dry Sudan-Savanna, urban vegetation is mostly influ-
enced by anthropogenic drivers (Bigirimana et al. 2011 and Madsen et al. 2004). 
In the few research works that were done about urban vegetative communities in African cities, a 
positive correlation was found between the size and the importance of the city and its quarters, to 
the vegetative biodiversity in its surroundings. Thus, large and capital cities would generally have 
higher species diversity in them and around them. This higher biodiversity is positively related to 
the intended and unintended anthropogenic introduction of exotic species to the urban ecosystem. It 
is not only the degree of biodiversity, but also the type of vegetative community that was found to 
be related to the degree of urbanization, and to the type and frequency of disturbing agents like 
human and cattle trampling. Hence, suburban vegetation was generally found to be similar to fallow 
vegetation of the same area while vegetation community in the city centres tended to be dominated 
by ruderal species (Bigirimana et al. 2011). 
 3.5. Semi-Arid, Agro-Pastoral Sudan-Savanna Soils
Semi-arid soils as the savanna soils in Burkina Faso, are known to have accumulation of organic 
matter in the top soil layer close to the surface (Furley 2006) while organismal activity have a cru-
cial effect on the distribution of organic matter and other soil resources into deeper soil layers (Are-
ola et al.  1982,  Bernhard-Reversat 1982 and  Furley 2006). Soil-fauna influence the soil biogeo-
chemical cycles, its texture, humidity and water infiltration patterns and rates. The most crucial soil 
macro-fauna in the Dry Sudan-Savanna are termites. They are considered to be the soil-ecosystem 
engineers due to their far-reaching effect on other soil fauna and flora (Lal 1988, Ferrar 1982 and 
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Ouédraogo et al. 2004).
The presence of vegetation, mainly perennial woody plants, was shown to have influence on the 
spatial distribution and circulation of soil resources. The occurrence of grass fires in the dry season 
has  also  a  crucial  role  in  the  mineralization  of  nutrients,  making  them  available  for  plants 
(Bernhard-Reversat 1982, Furley 2006 and Ouédraogo et al. 2004). The spatial distribution of soil 
resources is affected by anthropogenic drivers as well. Agricultural and pastoral activities redistrib-
ute nutrients and change the texture of the top-soil (Furley 2006 and Schlezinger et al. 1990), thus 
changing infiltration patterns and influencing the character of the vegetative community.
 Islands of Fertility
The decrease in annual iNDVI from 2000 to 2009 at specific areas in and around Ouagadougou can 
be a reflection of decrease in fertility of the soil. In semiarid and arid grasslands, the spatial distri-
bution of soil resources under plant canopy is a powerful evidence for biological activity and nutri-
ent cycling which is mainly concentrated in the proximity of plants. The existence of this pattern 
allows to asses trends of soil degradation and desertification in this type of ecosystems (Schlezinger
et al. 1990, Stock et al. 1999). It was hypothesized that assessment of the spatial distribution of soil 
resources and the existence of islands of fertility may serve to assess the ecological impacts of urb-
anization in arid and semiarid environments. Evidences to support this hypothesis were not found in 
the respective case of Phoenix, Arizona (Davies & Hall 2010). However, Ouagadougou varies from 
Phoenix in many of its socio-ecological and hydrological characteristics. Existence of islands of fer-
tility in the patches of Ouagadougou that show decrease iNDVI, will indicate that the existence of 
resource islands in urban environment is settings-dependent. 
Looking at the local scale, one of the characteristics of soil fertility loss and desertification in arid 
and semi-arid,  agro-pastoral  ecosystems is the creation of islands of fertility (Schlezinger  et  al.
1990). In the preliminary investigation done as preparation for the field work, some of the patches 
around the centre of the city seem to undergo what might be a process of desertification and loss of 
soil fertility. 
According to Schlesinger and associates (Schlezinger et al. 1990) one of the characterizing proper-
ties of the process of desertification in semi-arid pastoral grasslands is the formation of islands of 
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fertility when the landscape is  altered from grass-dominated  to shrubs- and trees-dominated,  in 
many cases as a result of intense grazing9. In these arid and semi-arid environments, soil resources 
are spatially related to proximity to plant canopy. Shrubs and trees provide shade which keeps soil 
temperature under them lower than the surrounding soil; plant roots hold the soil together protecting 
it from wind and water erosion, or function as moisture and nutrient pump bringing mineral rich 
water from a deep water table to the surface. Vegetation provides habitat and energy for decom-
posers, soil organisms and vertebrates while decomposed organic mater and nutrients released by 
decomposition facilitate conditions promoting establishment of other plants (Davies & Hall 2010, 
Schlezinger et al. 1990 andVon Maydell 1990). 
Pattern of nitrogen concentration around trees was observed around different tree species in the 
semi-arid tropical savanna of North Senegal, which is an ecosystem similar to the ecosystem around 
Ouagadougou (Bernhard-Reversat 1982). However a clear explanation of this phenomenon is not 
given in that case.
 3.6. Vegetation in Semi-Arid Sudan-Savanna
As a rule  of thumb,  the vegetative  biodiversity  and the vegetative  land cover  in  Burkina Faso 
increase with the distance from the Sahara, southwards towards the tropics (UNEP 2010). It is, 
however, mostly the type of anthropogenic influence and maintenance, or lack of it, that determines 
the local variation in plant-cover and biodiversity, creating different types of ecosystems and land-
scapes (Madsen et al. 2004 and Landmann et al. 2008). Agro-pastoral landscapes are probably the 
most dominant type of ecosystems in the region (Madsen et al. 2004), it is therefore most likely the 
type of landscape that was dominating most of the outskirts of Ouagadougou before  turning into 
suburbs of the city.  This assumption is  supported by aerial  photos of the area from before the 
expansion of the urban and semi-urban settlements.  Therefore the description below focuses on 
vegetative community of Sudan-Savanna agro-pastoral ecosystem.
Flora in the Dry Sudan-Savanna has been influenced by anthropogenic effects as agriculture and 
fire for more than five millennia. Traditional agro-pastoral landscapes of Burkina Faso are the res-
9 Grass-eaters (grazers as cows and sheep) and leaf-eaters (browsers as goats) were both observed in Ouagadougou. In  
this report they are all referred as grazers (grazing, overgrazing) for the sake of simplicity. This is because (as will be 
explained in the results later on) their quantity and ecological impact was found to be of lower significance for the 
present research.  
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ults of several factors: the cultivation of sorghum and millet, using traditional agricultural practices 
without modern machinery, long fallow periods, and selective protection of the useful trees in the 
fields (Madsen et al. 2004). Other woody vegetation is usually used for timber, as a source of bio-
fuel,  or  for  agricultural  needs.  This  type  of  ecosystem is  known to  hold  relative  high  species 
diversity, especially woody vegetation, as a result of the longer fallow periods, and the trees and 
water holes which are left as part of the agro-pastoral landscape. This is despite the use of some 
woody species for human needs (Madsen et al. 2004). 
Spatial distribution of woody vegetation in the Dry Sudan-Savanna, as is the species diversity, is 
influenced by several factors and the interaction between them. Water availability, inter- and intra-
specific competition, soil types, soil resource availability and anthropogenic influence are among 
the most important of these factors. The spatial distribution of woody vegetation could normally be 
described  as  aggregated  to  clumps  and  patches  in  the  landscape.  In  most  cases  patchiness  is 
observed to be species-specific (Couteron & Kokou 1997). In the agro-pastoral landscapes, very 
much influenced by human modifications, these patches are expected to be less packed and less 
related to each other due to the removal of some of the woody vegetation (Madsen et al. 2004 and 
Sharman 1988).
The three-dimensional  distribution of vegetative community in the semi-arid savanna is  usually 
described as an open upper-story over roughly an unbroken layer of grasses and shrubs. In the agro-
pastoral landscape the under-story as well as the upper-story is dependent on anthropogenic influ-
ences. Removal of woody vegetation determines the structure of the upper-story while agricultural 
and pastoral activity including crop type, fallow periods and grazing determine the structure and 
distribution of the lower-story (Couteron & Kokou 1997, Madsen et al. 2004 and Schlezinger et al.
1990). 
Aerial photos of the area around the old centre of Ouagadougou show how the land cover changes 
from being dry savanna, to agricultural area and then to urban area (Fig.  5). This change might 
bring to alternation in the distribution of soil resources – agricultural activity and then the cover of 
soil  with roads  and buildings  instead of  vegetation  modify the ecosystem fundamentally.  On a 
coarser scale it is clear from the MODIS satellite images that a pattern of decrease in ecosystem 
productivity is one of the outcomes of these changes in land cover. 
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Yet, whether this present type of decrease of soil fertility leads to desertification and to creation of 
islands of fertility is unclear. Therefore one of the things that will be tested in this work is the form-
ation of islands of fertility in different locations in the city and around it, and the relationship of this 
process, if exist, to the floral community.
 3.7. Scales of Patchiness 
Urban  environments  are  heterogeneous  both  spatially  and temporally  (Alberti  2008,  Pickett  &
Cadenasso 2009, Mugerauer 2010, Pavao-Zuckerman & Byrne 2009, Pickett et al. 1997 and Young
2009). Hence in order to gain a complete understanding of processes and patterns dominating the 
urban  ecosystem  researchers  need  to  integrate  a  variety  of  temporal-spatial  scales  into  their 
research.  The current work focuses on the changes  happening in the outskirts  of Ouagadougou 
between 1982 and 2010 at a variety of spatial scales, from local micro-scale through patch scale and 
up to urban scale. 
Drawing a complete and comparative picture of patterns and processes happening at the various 
scales is beyond the scope of the current investigation. Nonetheless, gathering information about 
different processes and patterns at different spatial and temporal scales promote our understanding 
of the complex interactions of different socio-ecologic actors and processes in the urban space.    
As  mentioned  above,  in  this  research  I  take  my point  of  departure  in  a  change  in  vegetation 
productivity seen on an urban scale from 2000 to 2009. I aim to relate the observed pattern to urban 
developments  in  the  outskirts  of  Ouagadougou,  starting  18  years  before  the  observed  pattern. 
Moreover I research different types of urban patched (specified in the methods chapter) into a finer 
scale (patch and local scales), using a variety of methods in the aim of understanding the integrated 
causes, and consequences of the change in plant productivity. 
Up-scaling of the results and conclusions of this work to fit other cities should be done with care 
since it is the unique complexity of the urban ecosystem of Ouagadougou that lead to the present 
results and conclusions.
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Figure 5: Time series of aerial and satellite photos (top left:1982, top right:1988, lower left:2002, lower 
right:2009) of an area in the north-west of the city, next to the location of study site North 8. The Green 
Belt  of Ouagadougou (la cinture verte) is clearly visible crossing in a SW to NE direction in all photos.  
Circles illustrating the part of the area where new buildings have emerged since the previous photo.
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4. Research Hypothesis 
The great complexity and patchiness of urban ecosystems can be expressed by variation of many 
different  elements.  In this  work I  focus on the patchiness of population,  soil  and vegetation in 
Ouagadougou. Therefore the aim of this research is to establish a better understanding of the pro-
cesses, involving these three components, which create ecosystem heterogeneity in Ouagadougou. 
The distribution of soil resources, the distribution of the floral community and its composition are 
expected to be highly influenced by anthropogenic factors, thus having a strong relationship to the 
type of lifeworld in the different patches. It is expected that socio-economic and political factors 
will play a role in the distribution of plants in the city ecosystems. Areas with population of high 
socio-economic background (higher resource availability) are expected to have relative high canopy 
cover. Due to this general higher vegetative cover, the spatial complexity of the vegetative com-
munity in these areas is also expected to be high relative to agro-pastoral landscape and to areas 
with population with lower socio-economic background, but lower than areas of primary, natural 
and semi-natural savanna-forest. The field work in this research was done in the middle of the dry 
season of 2010-11, it is therefore expected to find mostly woody perennial plants (Schmidt et al.
2010).
Availability of soil nutrients is expected to be dependent on the five state factors. However in the 
urban soils their availability and distribution is also anticipated to be mostly influenced by anthro-
pogenic factors and the type of the human-urban ecosystem in each patch. Moreover, it is expected 
that despite the apparent desertification and reduction in iNDVI level in the outskirts of the city,  
creation of islands of fertility will not be the common pattern of nutrient distribution. This is since 
processes other than overgrazing are dominant in the soil-ecosystem in these areas on local as well 
as on urban scales. In these areas small-scale agriculture is expected to be the dominant activity 
influencing soil nutrients spatial distribution. In the patches where iNDVI is higher, soil nutrients 
content is expected to be generally higher than in the urbanized and the agro-pastoral patches due to 
the higher presence of vegetation and the related biogeochemical cycles.
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5. Methodology 
The following chapter  specifies  the  methods  used throughout  this  investigation.  Methods  from 
social and physical geography as well as from environmental biology were used in order to give as 
complete picture as possible about the socio-ecological characteristics of each urban patch. First 
however,  I choose to shortly describe the preliminary work done in order to get to the present 
research question and to the experimental design used for getting the answers to it.
 5.1. Preliminary Work
In order to characterize the study sites that were used in the field work, a preliminary work of 
remote sensing analysis was done. In this stage of the work, digital MODIS images from the years 
2000 to 2009 for the Sahel area were analysed for NDVI using bands one (spectral resolution: 720-
670 nm) and two (spectral resolution: 841-876 nm) from the MODIS sensor on the Terra and Aqua 
satellites (spatial resolution: 250 meter, temporal resolution: 8 days). The MODIS-NDVI is calcu-
lated by the following formula:
NDVI=(N−R)
(N+R)
=
(Band 2−Band 1)
(Band 2+Band 1)
Where N is the Near Infra-Red (MODIS: band 2) and the R is the Visible Red (MODIS: band 1). 
The images available for the period of interest  were taken once each 16 days,  thus roughly 23 
images per year. NDVI was calculated for each pixel in each image. Then NDVI values for each 
pixel for each year were integrated resulting in an iNDVI image for each year. Thus these images 
give a proxy of vegetative productivity over a year for each pixel instead of a momentary estimation 
of vegetative cover. This new dataset (iNDVI images for ten years) is practically a long-term time 
series which allows monitoring of the annual changes in NPP in each pixel. 
Statistical significance (95%) of the change in iNDVI values for the years 2000-2009 was calcu-
lated, and areas where NPP has been significantly decreasing or increasing over the years were loc-
ated. The result of this preliminary analysis is images as figures 6 and 7. 
Analysis of these figures, and comparison of areas of interest to high resolution QuickBird images 
from 2002 and 2009, allowed categorization of the area of interest into three sub-groups: first – 
areas where iNDVI has been decreasing, second – areas where iNDVI has been increasing and, 
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third – areas where iNDVI has not shown significant change over the years. When deciding on the 
location of sites for the field study, aiming to get a broad representation of different patches, this 
allowed taking into considerations both the spatial and temporal patterns of NPP.
 Description of the Study Sites
One of the main aims of this study was to understand what characterises of the urban ecosystem 
heterogeneity in Ouagadougou. Ouagadougou, as are other modern cities is structured from a vari-
ety of patches, located on an axis between vegetation and concrete. Due to this heterogeneity, a city 
“is unlikely to exhibit literal gradients from centre to a periphery” (Pickett & Cadenasso 2009:24), 
it instead has many centres and many different borders. Therefore study sites were not placed on a 
distinct  transect  from city  centre  to  rural  surroundings.  Relying  on  remotely  sensed  data  like 
MODIS and QuickBird images, study sites were located in places of interest. These had representa-
tion for different areas and patches in the city with various types of urbanization and ecosystems. 
Below is a short description of the main characteristics of each of the study sites. Figures 6 and 7, 
and tables 1 and 2 complete the information about these study sites.
North 1 is located in the north-western area of the city between two areas with steep decrease in 
iNDVI. The study site itself has a moderate insignificant decrease in iNDVI. At the QuickBird 
photo of 2009, some new houses can be seen sporadically spread in the area.
North 2 is also located in the north-western area of the city, south-west of North 1. It is located in 
the centre of a patch with steep decrease in iNDVI. From the QuickBird photo of 2009 new houses 
are seen spread mostly in the south of this site, similar to North 1. In the north, an artificial lake was 
created due to soil extraction. 
North 3 is placed in the same patch of decreased iNDVI as North 2. From the QuickBird photo of 
2009 some new houses are seen spread mostly in the south-western area of this site. The rest seems 
to be used for pasture and small-scale agriculture.
North 6 is situated in the city park which is a protected area. The vegetation in the actual site is 
unmanaged and the area of the site and around it is a wetland during the rainy season. The iNDVI in 
this site has increased significantly since 2002. 
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North 7 is a forest area just outside of the city park in a non-protected area. It is however surroun-
ded by walls and not open for public access and extraction of biomass since it is within the area of 
an educative institute (Lycée Technique de Ouagadougou). This area as well, has experienced an 
increase in iNDVI.
North 8 is located inside the Green Belt between the older part of the city and its new suburbs. This 
area is  prohibited for 
construction  and  is 
used  for  small-scale 
agriculture  in  the 
rainy  season.  Even 
though  there  are  no 
buildings in this area, 
human  influence  on 
the landscape  here  is 
evident in the form of 
waste  disposal  and 
burning. 
South  1 is  a  part  of 
the new luxury neigh-
bourhood  Ouaga 
2000, an area of large 
villas,  hotels  and 
businesses  in  the 
south of the city. This 
neighbourhood  have 
shown  a  moderate 
increase  in  iNDVI 
since 2002.
South 3 is located in a 
Figure  6: The 12 study sites relative to iNDVI values around Ouagadougou for 
2009. The dark blue rectangles  are the outline of  the QuickBird photographs 
used as part of the landscape characterization. For each study site the iNDVI 
level (specified in table 2) is given in parenthesis.
N1 (A3)
N2 (A2)
N3 (A1)
N8 (A3)
N6 (B2)
N7 (B2)
S1 (A1)
S3 (A1)
S7 (A1)
S5 (A1)
S6 (A1)
Out of the city (B1)
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new and developing residence area, west of South 1. Houses are mostly cottages, not as large as the 
villas in Ouaga 2000, but larger than the houses in sites in the north. 
South 5 is very similar to the sites in the north of the city North 1-3. It is located in a large area 
where iNDVI has decreased. New simple houses are seen throughout the area. Between them are 
some small-scale agricultural plots. 
South 6 is located about three-hundred meters south of South 5 and shares similar characteristics. 
South 7 is on the bor-
der between two very 
different  and  distinct 
neighbourhoods.  On 
the  northern  part 
there  is  a  neighbour-
hood similar to South 
3, while on the south 
the  area  is  mostly 
similar to South 5 and 
6.  iNDVI values  and 
level  of  change  are 
therefore  different 
between the two parts 
and not given as one 
value  in  table  1 
below. 
Out  of  the  city is  a 
savanna-forest  area 
about  13  km  south-
east of Ouagadougou. 
The  landscape  is Figure  7:  The location of  the  12 study sites  relative  to the  change in  iNDVI 
between the years 2000 and 2009. For each study site the iNDVI level (specified 
in table 2) is given in parenthesis.
N1 (A3)
N2 (A2)
N3 (A1)
N8 (A3)
N6 (B2)
N7 (B2)
S1 (A1)
S3 (A1)
S7 (A1)
S5 (A1)
S6 (A1)
Out of the city (B1)
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moderately managed where people are allowed to extract some fire-woods and building materials. 
Vegetation cover has moderately increased since the year 2000.
The table below summarises the main characteristics of the study sites that were chosen for the field 
study. The change in iNDVI and the iNDVI values for 2009 are the result of the preliminary work 
as described above.
Site name Site location Change in iNDVI 2002-2009 iNDVI value 
2009
North 1 660456E 1375130N -2.6% insignificant decrease 0.245
North 2 659091E 1373755N -7.7% significant decrease 0.219
North 3 660556E 1373274N -6.3% significant decrease 0.196
North 6 664044E 1370533N +3.6% significant increase 0.510
North 7 663290E 1369486N +11.0% significant increase 0.472
North 8 661006E 1372519N +1.7% insignificant increase 0.250
South 1 660624E 1361671N +4.6% significant increase 0.198
South 3 659707E 1360893N +4.7% significant increase 0.182
South 5 658064E 1359176N -4.6% significant decrease 0.181
South 6 657853E 1358728N -6.2% significant decrease 0.196
South 7 657894E 1361048N -3.2% to -5.4% significant decrease 0.140-0.158
Out of the 
city
680359E 1384503N +2.3% Low, insignificant increase in iNDVI 0.37
Table 1: Classification of the 12 study sites according to iNDVI data. Location of the sites is shown in figures 6 
and  7. Grey  rows are sites belonging to human dominated ecosystem, while the non-grey cells are study sites 
belonging to vegetation dominated ecosystems (this classification is specified below). The percentage numbers in  
the table indicate percentage of change in iNDVI from 2002 to 2009 (statistical significance for this trend analysis 
95%).
The twelve study sites were divided into three different categorical deviations: the first category is 
the relative change in vegetation index from 2000 to 2009 (decrease, no change and increase, as can 
be seen in figure 7). The second category is according to the specific iNDVI value in 2009 (sub-cat-
egories are specified in table  2 below and the location of the study sites can be seen in figure 6). 
Third way used to divide the sites is according to the ecosystem type, hence, dominated by man-
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made construction or by vegetation. The three categories specified above will be discussed below 
and they are used in different part of the work in order to stress different characterises of the study 
sites. 
iNDVI Level and ecosystem type iNDVI values (2009)  Including sampling sites 
Human dominated ecosystems 0.1395 0.3534 North 1, 2, 3, 8, South 1, 3, 6 and 7
iNDVI level A1 0.1400 0.2138 North 3, South 1, 3, 6 and 7 
iNDVI level A2 0.2139 0.2321 North 2
iNDVI level A3 0.2322 0.2504 North 1 and 8
Vegetation dominated ecosystems  0.3534 0.5108 North 6, 7, and Out of the city
iNDVI level B1 0.3704 0.4406 Out of the city
iNDVI level B2 0.4407 0.5108 North 6 and 7
Table 2: Summary of the deviation of the study sites to the different iNDVI levels (according to values in 2009,  
seen in Fig. 6).
 Definition of iNDVI Levels and of Ecosystem Type
Since each site had a different iNDVI value (as for 2009), and sometimes a range of values, the 
whole stretch of available iNDVI values in the study sites (from 0.1395 to 0.5109) was divided into  
two levels: level A, the lower end, and level B, the higher end. Comparison of all sites within the A 
level were indicated that they are all human-dominated and modified ecosystems. Sites at the B 
level were found to be dominated by vegetation. In order to determine into finer scale what ecolo-
gical  processes  dominate  and cause  the  differences  at  each  site,  these  two levels  were  further 
divided as summarized in table 2 above. 
 5.2. Methods Used in the Field 
Each study site (300m2), was divided into nine equal squares, i.e. study plots (100m2). At each site a 
randomly picked plot was studied into details. Evaluation of the floral community was done by ana-
lysing the plants at the four corners of the plot (four squares of 15m2)10. The total area of the four 
10 These quadratic plots are referred to as vegetation plots and defined by their relative location in the study plot. For  
example the vegetation plot on the North-Western corner will be called NW together with the name of the study site.
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vegetation plots at each site represent one 
per cent of the total area of the study site 
(Fig.  8). Soil samples were taken in each 
of  the  four  corners  of  each  studied  plot 
when  possible,  and  the  socio-economic 
status  of  the people living  at  each study 
site was evaluated by interviews. All these 
methods are specified below. 
 Interviews and Areal Classification
Semi-structured  interviews  were  done 
with people living in the study sites at the 
outskirts  of  the  city  where  NPP  has 
decreased  from  2000  to  2009.  Inter-
viewees  were  asked  about  quantitative 
parameters in the household and about practices which could be related to the change in land cover. 
They were met in their houses or just outside of the houses in social meeting points as for example 
water distribution point and in small businesses. Before starting the interviews, the purpose of the 
study was presented and explained to the interviewees. The interviews were done with the help of 
local interpreter and were translated from French and Moré (the local dialect) to English. As people 
around us have seen and heard about the interviews they came just to hear, to participate in the con-
versation and asked to be interviewed as well. 
The number of interviews (up to six per site) was not predetermined and was dependent on the how 
many people were available during the visit to the study site and who were willing to be inter-
viewed (interview guide can be found in  Appendix 1: Interview Guide). My interest in the inter-
views  was  twofold.  First,  through  the  interviews  I  have  gained  quantitative  information  about 
households and their economy. Secondly through some of the questions, which were open ones, and 
through informal conversation and discussion I have gained a better understanding of the lifeworld 
of the people living in each area. 
Areal classification of the study sites was done by transect-walks throughout the study site together 
Figure 8: Illustration of a study site
A          B        C
1  
 
2
3
300m
30
0
m
10
0m
100m
Study plot 
100m x 100m
Vegetation
 plot 
15m x 15m
30 Yonatan Kelder
with a local geographer. These walks were done while holding a satellite photo (QuickBird 2009) of 
the study sites which allowed comparison of the existing houses and vegetation to that of 2009. 
Notes were taken about households'  sizes, parcel sizes, building materials used, availability and 
prices of free parcels, infrastructure, existence of public institutions and of businesses, of agricul-
tural plots and of activities seen in the street.
 Evaluation of Plant Community
During the dry season in Ouagadougou and its surroundings the large majority of detectable plants 
are perennial woody shrubs and trees. Not like flowering annual shrubs and grasses, these woody 
plants were expected to be clumped in stands throughout the landscape (Couteron & Kokou 1997, 
Madsen  et  al.  2004 and  Sharman  1988).  The  optimal  method  for  sampling  vegetation  in  this 
ecosystem  would  have  been  the  transect  method  (Sharman  1988).  It  has  an  advantage  in 
heterogeneous  ecosystems  like  urban and savanna  landscapes  because  it  is  running throughout 
different patches giving representation to different characteristics of the ecosystem. By sampling in 
quadratic plots the risk of having one plot with high vegetation cover while its neighbour has no 
vegetation at all increases, thus increasing the standard deviation between the samples (Sharman
1988). The transect method was however not applicable in the field due to different constructions 
that blocked the way in many cases. Therefore the random quadratic method was used with four 
repetitions for each site in order to minimize errors.
Analysis  of  the  plant  community for  each study site  was done by counting  and noting woody 
vegetation – dividing it into two groups: trees – having one woody trunk with height of over three 
meters, and bushes/shrubs – all other woody vegetation found. This was done at each of the four 
corners of each study plot, resulting in detailed analysis of four vegetation plots of 15m2 at each 
study plot. Only plants inside these vegetation plots were noted. Pictures were taken of each plant 
and were then identified down to species when possible with the help of a local expert. Not all plant 
species were in identifiable state due to different forms of destruction; in these cases only growth 
forms were noted. Results of the analysis of the number of individuals in each vegetative functional 
group was multiplied by 44.44 in order to calibrate the results per hectare.
Species evenness and biodiversity were supposed to be part of the analysis of the vegetative com-
munity in each study site.  Due to poor condition of many of the plants,  especially  shrubs and 
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bushes, identification of most plants was not possible. Therefore these results were left out of the 
report. A list of the species that were found and identified is found in Appendix 3: List of Plant Spe-
cies and of Functional Groups.  
 Soil Sampling
Soil samples were taken in aim of testing for formation of islands of fertility and to compare the 
availability of soil resources in different patches. Due to the shallow character of soils in semi-arid 
savanna,  samples  were  taken  from  the  top  soil,  0-10cm  depth  (Bernhard-Reversat  1982 and 
Ouédraogo et al. 2004). 
At each plot,  samples  were col-
lected in a transect (as shown in 
figure  9),  around four  randomly 
picked woody plants, one in each 
corner of the study plot. Samples 
were collected at distances of 10, 
40  and  100cm  from  the  plant 
base. Due to the extreme variation in the flora of the ecosystems studied comparative analysis of 
islands of fertility around similar plant individuals was not applicable. Samples were therefore col-
lected independent of plant species, canopy size or the plant height. 
Soil samples were collected using a hammer and metal cores of 5cm in diameter. The cores were 
hammered into the top soil until they reach the 10cm depth, then they were gently removed by dig-
ging around them. Samples were air dried, then homogenised with a mortar and pestle, and then 
kept in paper bags until analysis. Sub-samples were used for the analyses of nutrient (C, N, P) con-
centration.
 5.3. Laboratory and GIS Work
Here the post-field work, laboratory and statistical analysis done mostly in Denmark are described. 
 Change in Area of Canopy Cover Through Time – by GIS 
Aerial  and  satellite  photos  were  used  for  evaluation  of  the  change  in  the  land  cover  around 
Ouagadougou (Table  3).  Analogue aerial photos were acquired from the Burkinabe Geographical 
Figure  9:  Sampling  for  soil  nutrients  in  the  top  soil  (10cm 
depth). Soil samples were collected at distances of 10cm, 40cm 
and 100cm away from the base of  a randomly chosen woody 
plant (green star). 
60 cm 30 cm 10 
cm
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Institute. The photos were then digitalized by scanning at a resolution of 640dpi and then georefer-
enced using ArcGIS 9.3.  QuickBird satellite  images were chosen to best  represent the areas of 
interest in Ouagadougou, covering the locations of the study sites at the outskirts of the city. These 
were received in a digital format. In choosing the satellite and aerial photos, quality,  scale, area 
covered, period of interest and date taken were considered. 
Trees and bushes were marked with polygons at all study sites for all the available photos. The area 
at each study site covered by tree or bush canopy was then summed for each available year, and 
graphed against time to determine the temporal change in total canopy area. 
Mission name Type Date Scale Photos used
82047-B Ouaga Aerial photos 21-11-1982 1:10,000 7590, 7624, 7625
88095-B Ouaga Aerial photos 21-11-1988 1:10,000 5904, 5967, 9325, 9795, 9799
96160-B Ouaga 
2000 Aerial photos 19-12-1996 1:10,000 8152, 8154
98169-B Ouaga Aerial photos 13-10-1998 1:20,000 06, 08, 23, 50, 51
QuickBird 
27-10-2002 Satellite photos 27-10-2002 Pixel size 0,61 m 02OCT27103454
QuickBird 
04-02-2002 Satellite photos 04-02-2002 Pixel size 0,61 m 02FEB04104058
QuickBird 
29-09-2009 Satellite photos 29-09-2009 Pixel size 0,61 m 09SEP29104647
QuickBird 
29-09-2009 Satellite photos 29-09-2009 Pixel size 0,61 m 09SEP29104650
Table  3: List of the satellite and aerial photos which were used for producing a time series (1982-2009) and 
analysis of change of canopy cover at the different study sites. 
 
 Nutrient Content in the Soil 
Analysis of nutrient content was done in the geography (phosphor) and environmental biology (car-
bon and nitrogen) labs at Roskilde University. Nitrogen and Carbon content in soil samples was 
measured by a standard method using a digital CHNS analyser (Ceinstruments EA 1110 CHNS). 
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Total phosphor content in the soil samples was measured by a standard method (total phosphor 5A) 
approved by the Copenhagen University Geographic Institute (CU 2003). Content of total P, C and 
N in the soil was analysed for all study sites and whenever possible replications were made by tak-
ing more than one sample per study site, one at each plot, maximum four per study site. In some 
study sites it was not possible to take four replications, thus three or less replications were taken. 
There are usually few sites at each iNDVI level. In this way the needed sampling replications were 
created for each iNDVI level. Apart from the sampling replications, random statistical replications 
were made during the sample analysis. Table  4 summarizes the number of replications done for 
each nutrient per iNDVI level.
iNDVI level
Number of replications analysed
Phosphor Nitrogen and Carbon
 A1 3 7
 A2 1 3
 A3 5 11
B1 2 5
B2 2 8
Table 4: Summary of the soil samples used for analysis of nutrient concentration in the soil. The table is 
organized according to increasing iNDVI level (left column). The total number of replications per iNDVI 
level is the sum of samples and sub-samples. Further specification of the sample location and distribution 
of samples by study site can be seen in Appendix 2: List of Soil Samples Location and Use . 
 5.4. Statistical Analysis
All statistical tests were done using MYSTAT 12. Statistical analysis of the results was always done 
with the strongest statistical test available according to the qualification of the data to parametric 
and non-parametric statistical tests. 
The formation of islands of fertility was analysed statistically by the Kruskal-Wallis test for com-
parison of medians. ANOVA could not be used since not all datasets were normally distributed. 
Computing for equality of medians, the distance from the plant base was used in the Kruskal-Wallis 
test as the independent variable, and the average value of nutrient content in the soil as the depend-
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ent variable. This test was done for each nutrient and for each iNDVI level. In cases where there 
was a statistically significant difference between averages, a box plot of nutrient concentration in 
the soil versus distance from the plant base was plotted. These allowed identifying whether a trend 
of formation of islands of fertility exist.
To establish whether relationship exist between ecosystem type and nutrient content in the top soil,  
results for all distances (10cm, 40cm and 100cm from plant base) were summed, and tested for 
variance of averages against ecosystem type, human and non-human dominated (iNDVI levels A 
and B respectively). Carbon and the phosphor concentration in the soil were tested with the help of 
the non-parametric Kruskal-Wallis  test  since the datasets were not all  normally distributed. The 
datasets of the nitrogen concentration in the top soil was log-transformed (using LibreOffice 'Calc') 
making them normally distributed as confirmed by a Shapiro-Wilk test. The variance within data-
sets was tested by Leven's test for comparing intern variances for the datasets according to ecosys-
tems type. After confirming that the log-transformed nitrogen datasets were all qualified for a para-
metric test, a one-way ANOVA was used to test the variance between datasets. A correlation ana-
lysis (adjusted squared multiple R) was used to illustrate the character of the relationship between 
nutrient concentration in the soil and iNDVI level at 2009 and ecosystem type.
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6. Results 
The results chapter is divided into three different fields; soils, vegetation and summary of inter-
views and transect-walks from each study site. Despite what might seem as adaptation of the dual-
ism of cultural and natural, and abandoning of the lifeworld terminology, this deviation is done only 
for the sake of simplification and the practicality of presenting the results (as an outcome of the 
methods used). These three dimensions of the lifeworlds of the various urban eco-patches investig-
ated, will be discussed together in aim of providing a socio-ecological landscape characterization of 
the different urban patches of Ouagadougou. 
 6.1. Perennial Woody Vegetation – Functional Groups and Canopy Cover  
The change and influence of the urban development on perennial floral community was analysed on 
two levels. First total land covered by tree canopy and bush canopy was analysed over time at the 
various ecosystems.  The results  for 2002 and 2009 were compared to the iNDVI levels of the 
respective years. Secondly, functional structure of the vegetative community (trees versus bushes) 
were analysed in the field. 
 iNDVI and Canopy Cover
Figure 10 illustrates the change in canopy cover per hectare by study site as extracted from satellite 
and aerial photos. 
In  the  vegetation  dominated  sites,  North  6  and  North  7,  inside  and next  to  the  urban park  of 
Ouagadougou, a very steep increase in canopy cover can be seen from 2002 to 2009. On the other 
hand, all human dominated sites but South 3 showed decrease in canopy cover between 1982 and 
2009. South 3 is standing out from the other human dominated sites by having a sharp decrease in 
canopy cover from 1998 to 2002 but then a significant increase by 2009. 
The percentage in change in iNDVI signal between the years 2002 and 2009 was compared to the 
change in canopy cover for the same years and can be seen in figure 11. Speaman Rank Correlation 
analysis was done on the data used for the figure. The matrix: Per cent change in canopy cover vs.  
per cent change in iNDVI yielded ρ = 0.806 which indicate strong qualitative correlation between 
the change in iNDVI and the change in canopy cover for the years 2002 to 2009. Hence all sites that 
show a positive change in iNDVI show increase in canopy cover and vice versa. In most sites the 
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Figure 10: Change in total canopy cover per hectare in the different study sites from 1982 to 2009. Many 
of the sites were missing data for one year or more. The study side Out of the city is not represented here 
since no data was available for it. The canopy cover values for sites North 6 (2009) and North 7 (2002 
and 2009) are  far beyond the top border of  the graph and therefore  given labels  at  the  top of  the 
respective bars. (V) – vegetation-dominated ecosystem, (H) – human-dominated ecosystem.
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Figure 11: Comparison of the percentage of change in canopy cover and in iNDVI for ten of the study 
sites between the years 2002 and 2009. Study site South 1 has no bar for canopy change since the canopy 
cover for this site in 2002 is 0 and in 2009 is 691. The site Out of the city is not in the graph since there is 
no canopy cover data for it. (V) – vegetation-dominated ecosystem, (H) – human-dominated ecosystem.
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percentage of change in canopy cover is lower than the percentage of change in iNDVI. Sites North 
6 and South 3 are exceptional here showing the opposite pattern. 
There are three types of uncertainties when considering the canopy cover results. First, different 
types of images were used for the different years: black and white aerial photos, at different scales, 
which had to be digitalized and georeferenced and colour satellite photos. Secondly the season at 
which the images were taken in can have influence on the crown size of trees and bushes. Thirdly, 
inaccuracies as a result of the manual georeferencing of the aerial photos might lead to inaccuracies 
in the location of trees and bushes relative to the study sites. Due to these uncertainties the canopy 
cover results are mainly treated as an indicator for a general trend rather than hard-core qualitative 
facts.  
 Perennial Woody Vegetation Functional Structure of Plant Community 
Individual woody plants in all sites were counted and categorized into two groups: trees and bushes. 
The results of this analysis are presented in figure 12. Error bars are standard deviation bars. These 
were chosen in order to clearly illustrate the extreme variation in the number of individuals from 
each functional group for all study plots. This local scale variation is an outcome of local variation 
in the landscape. Roads, buildings, gardens and agricultural plots neighbouring each other cause 
heterogeneity on a local scale. This heterogeneity resulted in some vegetation plots with no plants at 
all while other plots in the same study site with over 100 plants. An example for that can be seen in  
North 7, showing the highest intern variations in number of bushes per vegetation plot. In this study 
site, the north-eastern vegetation plot had only 4 trees and no bushes, while the south-western plot 
had 15 trees and 316 bushes (see Appendix 3: List of Plant Species and of Functional Groups for 
details). 
The variations in the functional structure of the vegetative community results in four types of eco-
systems: The first, represented by North 1, 2, 3 and 8, and South 7, the second represented by Sites 
North 6 and 7, the third is represented by sites South 1, 3, 5 and 6, and, last the savanna bush, rep-
resented by the site Out of the city. 
In this context it is important to take into consideration the presence of low story, non-woody veget-
ation, namely grasses and shrubs, which are not noted in figure 12 below. This is essential both for 
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the NPP estimation and for the characterization of ecosystem. Study sites North 6 and 7, and Out of 
the city had all thick low story vegetation in the form of grasses and shrubs. This was especially 
notable in site Out of the city (Fig. 18) in which the landscape was covered with high grasses while 
trees and bushes were distributed in random clumps around the area. Sites North 1, 2, 3 and 8, and 
South 5, 6 and 7 might have some grasses and low story vegetation in the form of crops during the 
rainy season, and sites South 1 and 3 have ornamental lawns, and gardens and wild vegetation in 
free parcels left fallow. 
The size of the error bars in figure 12 and the actual results for the vegetative community, indicate 
heterogeneity of various urban ecosystem types both temporally and spatially.
 6.2. Soils – Nutrients Spatial Distribution and Islands of Fertility
The concentration of carbon, nitrogen and phosphor in the soil was analysed in order to test for two 
phenomenons: First, the formation of islands of fertility in urban patches that showed decrease in 
NPP over the ten years from 2000 to 2009, and second, for understanding the interactions of soil 
nutrients with other elements in the urban ecosystem. 
 Formation of Islands of Fertility
The formation of islands of fertility for total carbon, nitrogen and phosphor in the top soil was 
Figure 12: Number of trees and bushes in the different study sites (+/-sd). Letter by 
site name indicate: (V) – vegetation-dominated ecosystem, (H) – human-dominated 
ecosystem.
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tested by a Kruskal-Wallis test for one-way analysis of variation. The null-hypothesis for the test is: 
“all average values for carbon, nitrogen or phosphor concentrations in the soil (gr nutrient/kg soil) 
are equal, independent of distance from plant base”. The resulting p-values for the for nutrient con-
centration in the soil are summarized in table 5 below. For all iNDVI levels, the total carbon and 
phosphor concentration in the soil at the different distances from plant base measured have showed 
no significant difference. 
For total nitrogen the results are similar besides for iNDVI level B1 in which there is a statistical  
difference between the nitrogen content at a distance 10cm from the plant and the nitrogen content 
at a distance of 40cm from the plant. However the expected trend of negative relationship between 
the nutrient content in the soil and the distance from the plant cannot be seen here either. The graph-
ical illustration of the results can be seen in figure 13 below. 
INDVI level
Carbon Nitrogen Phosphor
P value Nr. of cases P value Nr. of cases P value Nr. of cases 
A1 0.647 10 0.647 10 0.875 3
A2 0.957 3 0.957 3 0.368 1
A3 0.368 6 0.227 6 1.000 4
B1 0.091 12 0.039 12 0.156 2
B2 0.110 10 0.077 10 0.651 2
Table  5: Results of  Kruskal-Wallis test  for one-way analysis of  variation. Nutrient concentration in the soil 
versus iNDVI levels. 
The ecological significance of these results is that for all iNDVI values, no formation of islands of 
fertility could be documented in the study sites in and around Ouagadougou. 
The carbon and nitrogen results are statistically stronger than the phosphor results due to the larger 
number of samples and repetitions that could be analysed in the CHN analyser. This is also the 
reason for the large standard error bars or the lack of them in the phosphor bar graphs (Fig. 13). 
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iNDVI
level
A1
A2
A3
B1
B2
Figure 13: Formation of islands of fertility for the five iNDVI levels. Rows represent iNDVI levels, 
columns represent the different nutrients, carbon on the left, nitrogen in the centre and phosphor on 
the right. Notice the different scale of the y-axis for the different nutrients (error bars +/- sd). 
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The general result for formation of islands of fertility is that it could not be observed for any of the 
nutrients tested (total nutrient) in the methods used. Hence no direct relationship was found between 
desertification, in patches of urban and non-urban ecosystem examined, and formation of islands of 
fertility. In some of the bar graphs in figure 13 it is possible to see a weak trend for higher nutrient 
concentration in the sampling points closest to the plant base (10 and 40cm). This trend is however 
neither statistically significant nor does the trend's existence or intensity seem to show any depend-
ency on the iNDVI level of the sampling site.
 Interaction between Ecosystem Type, Vegetation Cover and Nutrient Concentration
Relation between decreased NPP expresses as fall in value iNDVI, and formation of islands of fer-
tility in the soil could not be established in any of the study sites. Therefore the assumption rises,  
that the spatial distribution of nutrients in the urban soil is determined mainly by other elements 
rather than by the woody vegetation and the biogeochemical processes around it. Urban ecosystems 
are human dominated complexes, hence it is expected that anthropogenic drivers control the spatial 
distribution of nutrient in the urban soils. 
Figure 14 below illustrates mean values of the total nutrient concentrations in the soil of nine of the 
study sites. For all three nutrients, out of the nine study sites, a total of five different groups can be 
observed (marked by the letters a-e in each graph). The five groups are identical for the carbon and 
nitrogen graphs but different for the phosphor graph. North 8 and South 1 are the two sites that 
show the most extreme difference between the carbon-nitrogen pattern and the phosphor pattern. 
Both sites are in the lowest of the five groups of nitrogen and carbon concentration while having the 
highest  and second highest  concentrations  of phosphor.  The third site  which shows divergence 
between the two patterns is the site Out of the city, being in the median group for carbon and nitro -
gen concentrations, but only in the lowest group in the phosphor concentration. These three sites are 
also the reason for the differentiation in patterns between the nitrogen and carbon graphs and the 
phosphor graph in figure 15.      
The results of the analysis of variance of nutrient concentration in the soil depending on the type of 
ecosystem are summarized in figure 15 and table 6 below. Carbon and nitrogen concentration in the 
soil show correlation with the type of ecosystem. The phosphor concentration in the soil seems to 
have the opposite trend from carbon and nitrogen, showing higher concentrations in human domin-
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ated ecosystems.
Highest concentration of carbon and nitrogen in the soil was found in site North 7 followed by 
North 6 and South 3. North 1 and 2, Out of the city, and South 1 and 6 come together in the third 
Figure  14:  Mean  values  (+/-SE),  total  nutrient  concentration  per  study  site  (left  -  Carbon,  centre  - 
Nitrogen, right – Phosphor). Letters over each bar signify similarity (within the margins of error bars,  
p=0.6827)  to  all  other  bars  with  the  same  letter.  Notice  identical  pattern  for  carbon  and  nitrogen 
concentrations. 
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Figure  15: Mean values of  nutrient concentration in the soil  (left -  Carbon, centre - Nitrogen, right –  
Phosphor) versus ecosystem type (+/-SE): V – vegetation dominated, H – human dominated. Notice the 
similarity in trend of the carbon and nitrogen graphs, and the difference from the phosphor graphs. 
Carbon Nitrogen Phosphor
Ecosystem type p<<0.01 
(Kruskal-Walis test)
p<<0.01 
(Kruskal-Walis test)
P=0,021
(Mann-Whitney U test)
Table 6: Results of analysis of varience. Nutrient concentration in the soil versus ecosystem types (Human 
and Vegetation dominated, A and B iNDVI level respectively). P values and the applied statistical test are  
noted.
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place where the lowest nutrient concentration of soil nutrients was found in North 3 and North 8. 
The exceptional high concentration of phosphor in South 1 and North 8, and its low concentration 
in the site Out of the city cause a reverse pattern for the concentration of phosphor relative to car-
bon and nitrogen in figure 15.    
The similar pattern in concentration of carbon and nitrogen in the soil leads to a relative stable C:N 
ratio in these soils. For the soils examined the mean value of molecular C:N ratio is 12.26:1 (n=119, 
sd=+/-2.16).  
 6.3. Interviews and Transect-Walks
 Summary of Semi-Structured Interviews
Table 6 summarizes the answers given by the people interviewed during the field work. The inter-
views and the transect-walks were treated as a source of information that would explain the socio-
economic side of the ecosystem patchiness in Ouagadougou. Most of the households visited are a 
home for one family, house number six (table 6) is exceptional since it functions as a Koran school 
and a dormitory for the students. The most common occupation noted is the ownership of a small 
business, usually selling goods in the markets in the city. Agriculture and farming are common as a 
complementary livelihood strategy. Only three of the households had small ruminants, and only one 
of them had a larger herd and also a couple of donkeys. Nonetheless most of the households were 
still adding to their private economy with small-scale agriculture near the house or at a different  
location. 
Wild vegetation and stalk from crops are usually harvested and collected to be used as animal fod-
der biofuel. Moreover, vegetation is removed in aim of preventing nesting and hatching ground for 
snakes and mosquitoes. As a general rule of thumb, most of the people interviewed see trees and 
vegetation as a positive element in the landscape around them. Thus trees are not removed and if so 
others are planted instead of them. Most households choose to plant trees with commercial or nutri-
tional value as mango and orange trees. Most of the houses were constructed during the last decade. 
This can also be seen from the aerial and satellite photos of the study sites. Many of the families liv-
ing in these areas have moved to their house from nearby area of the city, fallowed the pattern of 
urban sprawl. 
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Table 7: Summary of interviews in study sites where NPP has decreased between 2002-2009.
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 Transect-Walks
The next part of the result is a description of my subjective impression of the study sites coupled 
with pictures that were taken during the field work. The information in this part was collected 
through  informal  conversations  with  local  people  together  with  comments  made  by  local 
geographer.  The  aim  of  this  part  is  to  give  an  impression  of  the  various  study  sites,  of  the 
similarities and differences in their lifeworlds. This information will be used in the discussion to 
characterize the different eco-patches seen in Ouagadougou.  
North 1  (Fig.  16 on the left): The temporal adobe houses seen in the 2009 QuickBird photo are 
being replaced with brick houses. Since 2009, eight new houses can be seen (some complete houses 
some only walls around yards and houses). Construction activity is seen in the north-western sec-
tion of the site at the time of study. The house density at this time is about 10 houses per km square. 
Not many people have permanently moved to this area yet. Comparing the QuickBird photo from 
2002 with the way the study plot (A3) looks today, 10 trees were removed, and no trees seem to be 
planted yet. The free parcels between the houses were used for growing mixed crops during the 
rainy season. After the harvest the straw is used as animal fodder or as biofuel for house needs. The 
people interviewed came to this area from a neighboring region of the city however none of them 
actually live in the study plot (for further explanation see section  6.4. about the process of urban 
sprawl in Ouagadougou). 
Figure  16:  Study sites  North 1 (left)  and North 2 (right).  Vegetation  seen  in the pictures  are mostly 
calotropis  procera bushes. Areas  which  are  not  utilized  for  construction  or  as  roads  are  used  for 
cultivation of milet and maiz, seen here with a darker top soil due to organic material. The crops were  
already harvested at the time of the research and therefore only some leftovers of straw were observable. 
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North 2  (Fig.  16 on the right): Similar to North 1, this site is also characterized by new houses 
(2006-2011) with variable density, and by continuing construction of houses on the empty parcels. 
At the study plot A3 the density was 8 houses per 1 square km, however new constructed houses are 
seen everywhere and the smaller adobe houses are replaced with permanent concrete houses. Only 
two households within the study plot were inhabited at the time of research.
Since the 2009 QuickBird photo, six new constructed houses are to be found and few others are 
seem to be on the way (bricks and sand and gravel were made ready in two of the empty parcels). A 
large private clinic and a primary school are located nearby and a church is also being built not far 
away from the study area (no public buildings in the study site itself). Comparing the picture from 
2002 with the way the study plot A3 looks today, many of the smaller trees were removed and only 
four of the larger trees seen in the picture from 2002 are still present. Some trees were planted, 
especially Eucalyptus trees and fruit trees. These are however, still very small usually not higher 
than 2.5m and crown radius of no more than one meter. Free parcels between the houses are used 
for growing mixed crops during the rainy season. Some other areas are left fallow and some small 
ruminants are grazing there. After the harvest the straw is used as animal fodder or as biofuel. Older 
large trees are spread with very low density and smaller, new-planted trees (mostly fruit trees), are 
found inside the parcels.
North 3 (Fig. 17 on the left): The area is characterized by new houses (2005-6) with variable dens-
ity. At the study plot, A2, the density was 17 houses per 1 square km, however north and north east  
of A2 the density of the houses was much lower. Parcels seem to be organized in an “urban” way 
with parcels right next to each other and roads divide the area into streets. No houses were built and 
no trees were removed since the end of September 2009, and only one house got a new roof since 
then.  Houses are usually made of adobe bricks and external walls are plastered  with mud. An 
exception to this, are some houses which seem to be much larger and are built with bricks. There 
seem to be no system in where these houses are found in the landscape in relation to the other 
houses, thus they are not concentrated at one neighborhood. Free parcels are used for growing some 
crops during the rainy season and some areas are left fallow. Larger trees are spread with very low 
density (in plot A2 no trees, however in plot A1 a large Acacia is used as a place of rest and hide 
from the afternoon sun). 
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Inside the parcels smaller new planted trees are seen, also here, these are mostly fruit trees. Some of 
the inhabitants have large amount of ruminants while others do not have any large animals but only 
smaller domestic animals (few chickens, a dog and a cat). The houses in this area are not yet con-
nected to electricity or water services. Water is therefore carried by donkeys or on a bike from a 
nearby hydrant or well. 
North 6 (Fig 17 on the right): This site is located inside the urban park. The park is on the natural 
path of the river which is filling the water in the artificial lakes of the city. The park is just after the 
lakes in the watercourse, thus it receives its water from the lakes. Much of the park area is wetlands 
in the rainy season, as is the study site itself. The area has been protected for more than 80 years. 
Vegetation is managed only next to the paths and small roads. Local people are using the park for 
sport and recreational activity. The site itself is located some 50-60 meter away from the nearest 
path except of SE corner which is near an area with some benches. Vegetation is very dense; the 
ground is covered by a thick layer of detritus. There is a noticeable difference from other sites in 
soil and air temperatures and humidity (not measured). Humidity is higher and temperatures are 
lower also in the middle of the day. 
North 7: This site is located next to the urban park in the area of some high-education institutes.  
Also here vegetation is dense and is the most common element in the landscape which seem to be 
Figure 17: Study sites North 3 (left) and North 6 (right). Notice the similarity of North 3 to sites North 1  
and 2. In this photo of North 3 it is also possible to see the tilling pattern caused by plowing of small-scale  
agricultural plots. It is obvious to see that all vegetation but some trees in this area was removed. North 6, 
on the right, is located inside the urban park. Both top- and under-story vegetation is present in that site.  
The soil is covered by a thick layer of detritus.
48 Yonatan Kelder
influenced in this aspect by the proximity to the wetlands of the park. The area is not protected 
however most of it is to some grade a natural forest with complex vegetation in more than one 
story. No grass or annual shrubs are found, however understory vegetation is complex and thick 
including low bushes and crawling vines. Similarly to North 6, soil and air temperatures here are 
lower than in other sites and humidity is higher (not measured). The area is utilized by students for 
recreational activity.
North 8 (Fig. 18 on the left): The Green Belt of Ouagadougou is an area in which the municipality 
prohibits building. In the dry season natural vegetation of woody bushes and some low trees is dom-
inant. During the rainy season the area is also used for agriculture. The other dominant character-
istic in the landscape is the amount of garbage, manly of black plastic bags covering considerable 
percent of the landscape throughout this Green Belt. Local nutrient content in the soil is expected to 
be influenced by the treated, dry municipal sewerage as well as by piles of burned household waste 
which are spread across this area. There are no houses in this area however the vegetation is very 
much influenced both temporally and species-wise by anthropogenic factors like extraction of fire-
wood, grazing and agriculture. 
Out of the city (Fig. 18 on the right): This area is different from the forests inside the city. It is not 
surrounded by a wall and it is not protected to the same extent.  People extract biomass from this 
area, grass, trees and bushes are used for fodder, firewood and construction materials. Moreover 
Figure 18: Study sites North 8 (left) and Out of the city (right). North 8 is in the Green Belt at the north of  
the city. No construction is permitted in that area and it is utilized as agricultural area in the rainy season.  
The most obvious characteristic in the landscape is the amount of burned and unburned garbage which is 
spread throughout the landscape. The landscape in the site Out of the city is a typical savanna-forest area.  
It is dominated by high grass with sporadic trees and bushes.
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new species (usually Eucalypti) were introduced to this area. The vegetation can be divided into 
three general groups. The first one is tall grasses which are dry at the time of the research, and are 
covering the majority of the landscape. The second group is the lower woody vegetation which can 
be very thick and dense. This group is organized in clusters throughout the landscape.  The last 
group is the high woody vegetation usually being very spread in the landscape.
Air and soil temperatures here are much higher than the ones at the forest inside the city next to the  
urban park, humidity is high probably as a result of evapotranspiration from the vegetation (these 
parameters were not measured). 
South 1 (Fig. 19 on the left): In the north-eastern zone of the study site a large school yard is using 
most of the area. Since the 2009 QuickBird photo, seven new parcels are being constructed. Though 
until September 2011, only the walls surrounding the parcel were built (comparison to GoogleEarth 
from September 2009). In general, parcel size here is larger than in the other sites investigated, and 
the houses are much larger as well. Both businesses (hostel, offices, car repair shop) and private vil-
las are located here. Parcels which were not being built yet are laying fallow, and covered with 
sporadic vegetation (grass, shrubs and trees). This vegetation is not removed. Only one tree is seen 
in one of the free parcels. Other vegetation is ornamental and located next or inside parcel walls. 
Roads in this site are asphalted, and it is connected to the city infrastructure (sanitation, electricity 
Figure  19: Study sites South 1 (left) and South 3 (right). South 1 is located in the area of Ouaga 2000 
typically having large villas, and commercial and diplomatic offices. It was also the only site where roads  
were paved. A common character for both of  the sites  above is the spatial  distribution of  vegetation. 
Smaller trees and large bushes around the external walls of the yards, and inside the yards (not seen here), 
sometimes smaller bushes and low grass.
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and water). Houses are built of concrete and bricks and surrounded by high brick-walls, roofs are 
made of tiles. No mud or adobe houses are seen here, neither tin roofs. There are no small busi-
nesses as small shops, local cafes or eating houses.  In general the activity in the public sphere is 
much lower than in other sites. At the time of the visit no animals or local inhabitants are present in  
the streets.  Only construction workers are seen working and walking around. Besides that only 
guards are seen outdoors.
South 3 (Fig. 19 on the right): This study area is in many ways different from all other study sites. 
Density of the houses is varying (depending on the size of the parcel) between 24 and 10 houses per 
square km. The houses are organized into streets and share a wall between them. 
Roads in this study site are relatively wide (10-20m), not asphalted but with planted vegetation at 
the sides of the roads. Free parcels, animals, small-scale agriculture or wild vegetation are not seen 
in the landscape of this urban patch. The residents of this area are mostly people who have public 
and private administration jobs. Activity in the public space at the middle of the day is concentrated 
around small businesses as hair-dresser, a kiosk and small eating place which are open at that time. 
Workers in these businesses do not live in the area but rather come from further south (sites South 
4-6). Most of the households have paid workers to do the house chores (cooking, gardening, and 
guarding) compared with areas at the outskirts where people do the tasks around the house them-
selves. Information on household size is lacking. 
The houses and parcels in the study site are medium size (not as large as in Ouaga 2000, South 1  
but larger than the houses in the outskirts of the city). Building materials are similar to the ones  
used in South 1, however houses seem to cover a larger percent of the parcel in comparison to 
South 1. Since some of the houses also have a small swimming-pool, gardens with vegetation are 
not as large as in South 1. Comparing the QuickBird photos from 2002 to the one from 2009 and to 
the reality in the field at the time of the investigation, ornamental species planted in and around the 
parcels has increased the vegetation cover in this site significantly since the beginning of the 2000s. 
This vegetation is however not natural nor in its spatial distribution and structure neither in its spe-
cies composition.
South 5: Free parcels are used for small-scale agriculture during the rainy season. This activity is 
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however seem to be on a smaller scale than in the northern study areas (seen in the field and learned 
from interviews). There are apparently two possible reasons for that: first, the municipality advises 
people against planting millet  and maize since these plants are high and provide hiding place for 
thieves and robbers and thus putting the safety of the inhabitants at risk. The second reason is that 
there are less free parcels available and the ones that are available have poor soil or many stones, 
which makes agricultural activity hard and not profitable.
South 6 (Fig. 20 on the left): The area is very similar in its characteristics to South 5 and to North 1-
3. The difference between this study site and South 5 next to it, is that there are more free parcels 
here. 
Study plot B1 has as a part of it a school yard. The area of the school is surrounded by bushes. This 
school area is divided into two parts: on the east, between the two classrooms buildings, is a foot-
ball field. The west  of the school yard is used for small-scale agriculture and it has some large, 
Figure 20: On the left study site South 6. A look into 
the school yard. Some of the area of the yard is used 
as small-scale agricultural plots, it is possible to see 
the tilling in the bare fields. The school yard here is 
surrounded by low bushes and not by brick wall (as 
the school in South 1). On the right a satellite image 
of South 7. The plot that was studied in this site is 
B3. In this image the patchiness within the urban 
ecosystem  is  seen  clearly.  On  the  north  a  new, 
planned  cottage  neighbourhood  connected  to 
infrastructure  and  services.  On  the  south  a 
temporal adobe houses without municipal planning 
or connection to infrastructure.
52 Yonatan Kelder
almost untouched trees. Much of the study site is not built and used for small-scale agriculture. 
There are three large trees inside the study plot; two of them are within a front yard of one of the 
houses. Their branches are being cut and utilized by the people living there. The third tree is located 
between the main road in the area and a small eating place and used as a source of shade for the cli-
ents and for the workers of a small workshop nearby. At the rest of the site  there is hardly any 
vegetation. Some of the inhabitants claim that the soil is not very good here anymore, and here as 
well the municipality advises against growing high crops due to security issues. 
South 7 (Fig. 20 on the right): At the study plot there was only one large tree inside the yard of one 
of the houses. Otherwise no trees are visible in the study plot B3. In other plots in the same study 
area some trees are still standing, however, in many cases these are being used by the people intens-
ively leaving in many cases very little biomass on the tree.
Similarly to North 1-3 and South 6 and 5, inside the parcels smaller newly-planted trees are present, 
these are mainly fruit trees. In some cases there are also trees planted next to the parcel wall from 
the outside.  
 6.4. Observations about the Process of Urban Sprawl
The transect-walks and interviews done throughout the current investigation show that the process 
of urban sprawl, which is described in the introduction, is still a common practice among many of  
the people which live in the outskirts of Ouagadougou. Regardless of their origin: a rural com-
munity based in the area, migrants from a completely different area, young people which grew in 
the city and move out of their parents' house or businessman trying to get hold of real-estate in 
developing areas, all try to predict development projects and to get hold of a piece of land, hoping 
to get it as the municipality divide the area to parcels and register them. This process of urbaniza-
tion as described by Ouédraogo 2002 and by Prat 1996 is explained in general lines below: 
Phase 1: The municipality of Ouagadougou announce that some agricultural areas around the city 
are to be parcelled developed. 
Phase 2: Different people, who like to get a piece of ground to build a house on, would usually  
build an adobe houses in or near the areas the municipality have announced for development project 
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Figure  21: The registration of parcels and sprawling of the city. Above - two pictures taken in an area 
which was under the process of measuring and registration of parcels. On the left, it is possible to see the 
number given to the specific house by the municipality above the door. On the right – the hole in the back 
wall was done by the land measuring unit in the process of measuring the parcel. In both houses, and  
many others in that area, no one was living permanently at the time of the research. Below a satellite  
photo from GoogleEarth (31.01.2010) from the North-West of the city. A dirt road separate the two eco-
patches. On the right of the road an area where the municipality have already divided and registered  
parcels, and permanent housing is being built. On the left of the road, an area where the transformation  
into permanent housing did not start yet. Notice how many shades and adobe houses are located on the 
left in an area equal to one parcel on the right. There is almost always more than one family living on the 
area of one parcel before the registration process starts. Therefore, if and when the area on the left is  
parcelled, accommodation solution will have to be found for many of the families living there.
Hole made by 
land-measuring 
unit
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(Fig. 21: above and below – left of the road). These people do it in the aim of having a chance of  
getting the municipality to register they live there and in that way receive a parcel at that zone.  
Since infrastructure (sanitation, electricity or water) and public services do not exist in these areas, 
and since most of the people work in other areas of the city, in many cases the adobe houses are not  
being used if other option exists. At the same time people start building their adobe houses, the 
owners of fields and pasture lands are moving away. In this process they remove vegetation and cut 
down trees which were in their fields in order to sell them or to use them. 
Phase 3: The municipality officials walk around the area destined for development and give each 
house a number (Fig. 21: above on the left). They then interview each of the households to get an 
impression of the socio-economic status in order to grade the person's right for a parcel according to 
internal grading system.
Phase 4: Land-measuring unit comes around to divide the area into parcels. 
Phase 5: Registration of the parcels to the people. 
Phase 6: People who have got a parcel and have the money would start building a permanent house 
there, and those who did not get a parcel will stay in the adobe house. People who did not get a par-
cel will move to another area, usually a neighbouring area, where they expect the municipality to 
develop next. And so on and so forth.
This process is the reason why many of the interviewees mentioned that they have moved from a 
nearby area.
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7. Discussion 
The environment of cities is produced and reproduced continuously due to the extremely dynamic 
character of these ecosystems (Mugerauer 2010, Pickett et al. 2001, Pickett et al. 2008). The aim of 
this work is to gain a better understanding of temporal and spatial variations in the urban 
ecosystem of Ouagadougou and the processes causing them. In order to do that, in this chapter 
the “start” and “end”11 ecosystem types will be characterized according to the observations made 
throughout the field investigation. Then the spatio-temporal processes that have occurred and the 
social, political, economic, and ecological factors interlinked with these processes will be presented 
and discussed.
As observed from aerial and satellite photos, the pre-urban ecosystem is, in the case of the outskirts 
of Ouagadougou, an agro-pastoral one. Since the mid 1990's these ecosystems began a modification 
process, changing into urban ecosystems of different characters (Fig. 20 on the right).
Similar to the agro-pastoral ecosystem of the Dry Sudan-Savanna (Madsen et al. 2004), also urban 
ecosystem of Ouagadougou is very much influenced by human activity. Due to the high population 
density in the urban ecosystem, the anthropogenic influence here is most likely to be more intense 
than the general anthropogenic influence on the agro-pastoral ecosystem. 
The urban population of Ouagadougou has grown and keep on growing. This is due to migration 
from rural areas and due to improvement in public health in the urban areas leading to lower child 
mortality and increased life expectancy (Fournet et al. 2008). Hence, the transformation of agro-
pastoral ecosystem into an urban one continues to happen because of the demographic needs of the 
growing urban population for housing. The type of urban growth depends on political decisions and 
on the ability to execute these decisions. Thus, the rate of urban sprawl and demographic growth 
relative to the rate of urban planning determines the type of urbanization seen in the field (Fournet
et al. 2008, Ouédraogo 2002, Ouédraogo et al. 2004 and Prat 1996). 
In order to put the complexity of the urban ecosystem of Ouagadougou and the processes that 
interact to create it into a comprehensive frame, this chapter is inspired by the framework of the 
11 Real “start” and “end” status does not exist when talking about dynamic ecosystems. By “start” I refer here to the  
type of ecosystem just before it was turned into urban ecosystem. By “end” I refer to the type of urban ecosystem at the  
time of the research.
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state factor approach suggested by Pickett & Cadenasso 2009. The analysis of the results and the 
following discussion will focus on  heterogeneity,  altered resources and disturbance.  Clearly,  in 
some cases other factors (i.e. five state-factor framework approach) are also active in creating and 
influencing  the  complexity  and  heterogeneity  of  the  ecosystem,  and  will  be  mentioned  when 
relevant. Yet, a detailed discussion of the last is beyond the extent of the current work. The complex 
interactions of the main elements researched; soil nutrients, vegetative community and population 
will be discussed focusing on the on-going changes in the urban outskirts of Ouagadougou.
 7.1. Eco-Patches of Ouagadougou
The results of the current study indicate that anthropogenic pressure in urban ecosystems has a high 
influence relative to other elements.  Man-made constructions and human activities influence on 
landscape structure, on vegetation, and on soils. In the case of urban sprawl of Ouagadougou, these 
eliminate  the previous internal  structure of the agro-pastoral  ecosystem and create new internal 
diversity, this time in the form of urban eco-patches12.  
 Human Dominated Environments
The results of the present study indicate six types of eco-patches out of the old colonial centre of 
Ouagadougou13 (Fig.  22). The first type of eco-patch is represented by the southern part  of site 
South 7 (Fig. 20, and can also be seen on the left side of the lower GoogleEarth image in Fig. 21). 
In these urban patches most of the inhabitants still have temporary adobe and mud houses, which 
they do not necessarily use. The houses seem to be spread throughout the landscape in an almost  
random way. These areas are not connected to municipal services or to infrastructure, and the pro-
cess of replacing the temporary adobe construction with planned permanent housing has not started 
or is maybe just beginning. 
The second eco-patch is represented by sites North 1-3 and South 5 and 6 (right side of the satellite  
photo in Fig.  21). In these sites the municipality have already divided the area into parcels and 
registered them. Here the building of permanent housing that fit into the municipal plan is an on-go-
ing process. This type of eco-patch was, in some cases, built directly in the agro-pastoral ecosystem, 
12 Urban patches with distinctive socio-eclogical characterises which make them distinctive relative to other patches. 
13 It is important to notice that within the city centre and its older parts more different types of eco-patches can be found  
and defined. Here I regard only the types that are visible in the specific study sites as presented in the current work.
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and in other cases it is replacing eco-patch of the first type. Not all parcels in these areas are utilized 
or purchased yet.  Houses density can therefore vary allot.  These areas are not yet  connected to 
infrastructure or municipal services. Nevertheless, this eco-patch is very dynamic as more parcels 
are being bought and houses built continuously.
The third type of urban eco-patch is represented by South 3 and the northern part of South 7 (Fig.  
20). These areas are usually already built according to the municipal plan. They are connected both 
to services and infrastructure and parcels in these sites are usually fully utilized for housing and 
businesses.
The forth eco-patch type is represented by South 1 (Fig.  19). Similar to the previous eco-patch, 
buildings are built according to the municipal plan and are already connected to services and infra-
structure. Here however housing are large villas and there are free parcels around.
Figure  22:  Illustration  of  the  areal  classification into  eco-patches  in  Ouagadougou 2011.  Background 
image is a satellite image of Ouagadougou in October 2002 (source: GoogleEarth). Study sites are marked 
with different colours dependent on the type of eco-patch at which they are located. 
Legend
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The fifth type of eco-patch is characterized by North 8 (Fig. 18) the Green Belt of Ouagadougou. In 
this area, despite the lack of man-made constructions, anthropogenic influence on the ecosystem is 
happening in the form of agriculture, extraction of plant materials, and deposition of waste, chemic-
als and nutrients.
 Vegetation Dominated Environments
The sixth type of eco-patch demonstrated by North 6 (Fig. 17) and 7 and, into some extent, also by 
the site Out of the city (Fig. 18). This site, however, is not regarded as an urban eco-patch due to its 
location. In these sites anthropogenic influence is limited. Man-made constructions are limited in 
location and size, and no agriculture is exercised. Deposition of waste or extraction of plant biomass 
is almost non-existing.
The heterogeneity of the eco-patches described above can be related to political decision making 
and altered economical resources. It is the municipality who decide to set an area for development 
and urbanization (Ouédraogo 2002). Then it is a question of economic resources of the populations 
and the developers that determine when and where parcels are bought and houses are built. Hence, 
despite the availability of free parcels in a nearby area (eco-patch type two), not all inhabitants from 
eco-patch type one have the will or the economic possibility to buy one. The transect-walks, the 
interviews and the vegetation analysis show that the socio-economic situation of the population play 
an indirect but important role in determining what kind of vegetation is being introduced into the 
area. Next, I discuss the interrelations between the measured elements and the factors influencing 
their spatial, temporal variability. 
The spatial distribution of the eco-patches, as seen in figure 22, illustrates the urban sprawl in a very 
clear way. The Illegal settlements of eco-patch one are mostly on the most-outer circle around the 
city. Interwoven in that same circle are areas of eco-patch two which are the newly planned areas of 
the city where legal settlement and urban planning are an on-going process. Comparing the loca-
tions of eco-patches in figure  22 to figure  7, it  is distinctively noticeable that decrease in NPP 
occurs in patches one and two while patches three, four and six show increasing productivity. Eco-
patch five (Green Belt) as is most of the older centre of the city, show no significant change in NPP. 
These observations correlate well with the assumption that it is mainly anthropogenic activity which 
change ecosystem properties in the city and as a result yield spatial heterogeneity of NPP.             
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 7.2. Spatial Distribution of Soil Nutrients in Ouagadougou 
 Nutrient Distribution – Urban Scale
Savanna soils are normally relatively nutrient poor (Areola et al. 1982, Bond 2010, Furley 2006 and 
Okin  et  al.  2008).  Thus  accumulation  of  organic  material  and  nutrients  as  a  result  of  local 
biogeochemical cycles in the top soil is an important soil resource in this biome (Areola et al. 1982 
and Okin et al. 2008). Under conditions of no disturbance, nutrient and soil moisture availability are 
the limiting factors for vegetative growth in savannas (Furley 2006). Nevertheless when disturbance 
or stress are occurring then NPP is not dependent solely on the availability of resources. This was 
demonstrated  in  the  human-dominated  ecosystems  of  Ouagadougou,  where,  despite  similar 
hydrological and nutrients conditions, NPP vary between eco-patches. 
The spatial distribution of carbon and nitrogen in urban soils show a relation to the type of eco-
patch. Lower nutrient concentration was found in soils of human dominated eco-patches relative to 
vegetation dominated ones. This can be a result of disturbance or of variability in the availability of 
soil resources as discussed below.
Vegetation  in  the  savanna  landscape  has  a  crucial  role  in  preventing  soil  erosion.  When  this 
vegetation is removed or thinned, soil erosion and loss of soil resources (nutrients, organic material) 
is a possible common outcome (Furley 2006). Thus removal of native vegetation, change in soil-
ecosystem hydrology,  man-made  constructions,  fertilization  and  other  activities  can  directly  or 
indirectly change the spatial distribution of nutrients in the urban soils. 
In sites North 6 and 7 the highest concentration of carbon (18 and 27 gr per kg soil  respectively) and 
nitrogen (1.3 and 2 gr per kg soil respectively) was found (Fig. 14). These two sites have also shown 
the highest NPP in 2009. The reason for the high nutrient concentrations in these soils seems to be a 
coupling of the proximity of these sites to the wetlands of the urban park and high accumulation  
rates of organic materials in the top soils. Nutrients are carried by water through the local watershed 
and deposited in areas of slow currents. Phosphor and nitrogen are being utilised by vegetation and 
later  accumulate  in  the  top  soil  as  part  of  organic  compounds  found  in  detritus.  Carbon 
concentration in the soil is a result of accumulation of organic material in the top soil around plants, 
especially in humid savannas (Wang et al. 2009). 
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Sites North 1 and 2, South 1 and 6 together with Out of the city share similar values of carbon (7.5-
10.5 gr per kg soil) and nitrogen (0.5-0.65 gr per kg soil) concentrations in the soil (Fig. 14). Thus 
soils in the urban patches,  dominated by anthropogenic activity,  are similar in their carbon and 
nitrogen content to the soils which were investigated outside of the city. This might indicate that 
anthropogenic influence on the concentration of nutrients in the urban soils  of Ouagadougou is 
minimal.  Moreover  the minimal  internal  variability between the various human-dominated  eco-
patches in this aspect indicates that the type of urbanization and the length of urbanized period do 
not play a crucial role in this case.   
Site North 8 showed the lowest concentration of both carbon and nitrogen in the soil of all sites 
tested. Phosphor concentration in North 8 was, on the other hand, the highest (only second to South 
3  which  was  not  included  in  the  results  due  to  possible  sample  contamination).  Burning  of 
household waste and fertilization with dry urban sewage in North 8 seem to be the main sources of  
new  soil  nutrients  in  the  Green  Belt.  Biogeochemical  processes  are  taking  place  leading  to 
decomposition of the deposited organic and inorganic materials and to mineralization of nutrients. 
The use of the area for agriculture during the rainy season and then harvesting and removing of 
crops reduces the nutrients which are being mineralized through biogeochemical cycles in this area, 
thus reducing nutrient concentration in the soil. This might cause a temporal variation, possibly in 
the form of annual cycle coupled to seasonal agriculture, in the concentration of soil nutrients.
To summarise the above, it seems that on an urban scale the spatial  distribution of carbon and 
nitrogen in the investigated soils is mostly influenced by hydrology and by the availability of water 
for plant growth. Higher water availability leads to increase in vegetation cover which then causes 
higher accumulation of organic materials in the top soil as vegetation dies. Moreover, the similarity 
in patterns of spatial distribution of carbon and nitrogen (Fig.  15) and the stable C:N ratio might 
indicate that high percentage of the nitrogen is bond into the organic matter in the soil. If that is so, 
then nitrogen availability in its mineralized forms in the soil, seem to be a limiting factor for further  
vegetation growth. 
Since  both  carbon  and  nitrogen  have  gaseous  forms  these  elements  are  not  found  in  higher 
concentrations in the soil of North 8 than in the soils of other sites. Phosphor on the other hand, 
does not have a gas form. Thus, accumulation of mineral phosphor in the soils of North 8 (due to 
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fertilization) and South 1, and uptake of phosphor by vegetation in the site Out of the city can 
possibly explain the pattern seen in figure 15. This assumption cannot be verified without further 
detailed  investigation  of  biogeochemical  cycles  in  these  areas.  Yet,  while  the  concentration  of 
carbon and nitrogen in the soil seems to be dependent on hydrology and vegetation more than any 
other factor, the concentration of phosphor is also influenced by other factors. These factors which 
most likely are anthropogenic driven ones, lead to further internal variation mainly in the human-
dominated ecosystems.   
 Nutrient Distribution on Local Scale – Islands of Fertility in Urban Soils
From  the  preliminary  work  done  as  preparation  for  this  investigation,  patchiness  was  clearly 
observed in the vegetation at the urban ecosystem of Ouagadougou (Fig. 1). Differentiating levels 
and patterns of change of NPP at various areas of the city create a mosaic of urban ecosystems.  
When the different patches were compared to aerial and satellite photos, areas showing decrease in 
NPP stood out to be areas of urban sprawl in the outskirts of the city. These are the same areas 
which have been changed from agro-pastoral ecosystem into urban settlements since the late 1990's. 
It was assumed that the people that have migrated from the countryside preserved some of the ele-
ments of their traditional way of life, keeping herds of ruminants which were grazing on the natural 
vegetation which left in the area. The assumption that began this investigation was that the process 
responsible for the observable pattern of decreasing vegetation cover is a process of overgrazing, 
leading to loss of soil fertility and desertification. 
Other investigations have showed that overgrazing in arid and semi-arid ecosystems lead to creation 
of islands of fertility (Davies & Hall 2010 and Schlezinger et al. 1990). A combination of methods 
was used to test whether overgrazing was the reason for the decrease in vegetation cover at the out-
skirts of Ouagadougou, and whether it was leading to creation of islands of fertility.
The result of the investigation does not support creation of islands of fertility. Three possible reas-
ons can explain these results: 1. methodological error, 2. due to the specific climate and vegetation 
in Ouagadougou overgrazing does not create islands of fertility, and 3. overgrazing does not exist, 
and if it does, then other parameters are more important for the spatial distribution of soil nutrients. 
Methodological  error  could have been a  result  of the character  of  the investigated  ecosystems, 
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which posed limitation in the form of accessibility and comparison of results. The formation of 
islands of fertility was investigated around plants at the study plots, in many cases the plants were 
damaged, preventing identification or comparison of plant species, or even comparison of soil nutri-
ent availability relative to canopy area. Out of the total of 71 cases (C and N 30 plants each and P 
11 plants) tested for total nutrient content in the soil dependent on distance from plant base, only 28, 
less than 40% showed a pattern of decreasing nutrient content in the soil as function of distance 
from the plant base. Moreover the cases tested positive for islands of fertility have shown no statist-
ical  dependency on the level  of or on change in,  NPP. Thus despite  the uncertainties specified 
above, if formation of islands of fertility was the common spatial pattern of nutrients distribution in 
sites suffering from decreased vegetation cover, it is expected that a clearer relation would be seen 
between the two.   
The possibility that overgrazing does not lead to creation of islands of fertility under the specific 
conditions of climate and vegetation at Ouagadougou was considered as well. It was however rejec-
ted on the basis of other investigations which documented creation of islands of fertility under sim-
ilar conditions (Davies & Hall 2010, Schlezinger et al. 1990). Interviews with local inhabitants and 
transect-walks, together with a local geographer, through the study sites indicated that elements and 
processes, other than biogeochemical processes around vegetation, are influential for the spatial dis-
tribution of nutrients in the soil.
Interviews led to rejection of the assumption of overgrazing being the direct reason for the decreas-
ing vegetation cover in the outskirts of Ouagadougou. Only three of the interviewed households in 
those study sites that have shown decreased vegetation cover still hold small ruminants. The only 
household which had a large heard have their animals grazing in further away pasture grounds. The 
other households had only 3-4 animals.
The significance of all of the above is that processes that control vegetation cover, as is overgraz-
ing, are of anthropogenic source. However, these processes are distinguished from overgrazing in 
their resulting spatial pattern of nutrient distribution, not creating islands of fertility around plants in 
the urban landscape. Complexity theory stresses that different processes and factors can lead to dif-
ferent phenomenons in different ecosystems or even in the same ecosystem under different condi-
tions. It is therefore possible that soil nutrient depletion and desertification are negligible or maybe 
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just have different symptoms in urban ecosystems. Yet, other parameters might be influential for 
the distribution of soil nutrients on a local scale. These are discussed below. 
The spatial distribution of nutrients in the urban soils at an intra-patch scale was examined only in 
relation to the creation of islands of fertility. Nutrient content in the soil in relation to the variety of  
local scale phenomenons, which were observed in the field, was not part of the current soil analysis. 
Yet, interviews, transect-walks and literature indicate some activities which are relevant for the 
outskirts of Ouagadougou and which might  have influence on nutrient distribution in the urban 
space at a local scale. The most common of them are reviewed bellow. These are relevant to the 
discussion since, as mentioned in the sections about complexity and scale, each phenomenon in the 
urban space is composed of sub-phenomenons, and is in itself only a part of larger-phenomenons. 
Household waste disposal, its decomposition, its burning and the resulting transport of nutrients by 
wind and water, are ways by which anthropogenic activity influence on the spatial distribution of 
nutrients in the urban space of Ouagadougou. Garbage cans and garbage collection services are not 
very common in any of the neighbourhoods of Ouagadougou. In the outskirts of the city, where 
these services are extremely rare, almost 100 per cent of the household waste is being dumped in 
the streets or in unofficial local landfills or, burned privately (Fournet et al. 2008). 
Burning of  vegetation  stalk  and household  waste  lead  to  mineralization  of  nutrients  bond into 
organic and inorganic substances. Mineralization of nutrients increases the range of their spatial dis-
tribution. Wind and water carry nutrient rich ashes and dust, relocating nutrients in the urban space. 
Structures in the urban landscape, regardless of origin, anthropogenic or not, influence the trans-
porting medium and affecting the patterns of sedimentation and settling of materials and nutrients. 
In urban areas where water is collected by drainage systems, sediments and nutrients are either 
treated in municipal sewage plants or stream into nearby water bodies which can lead to eutrophica-
tion (Paul & Meyer 2001). 
Removal of vegetation and the use of harvest leftovers as animal fodder is causing reallocation of 
nutrients away from fields and other areas where vegetation grow towards areas where domestic-
ated animals are kept. In some cases, as indicated by one of the interviews, nutrients are transported 
back to the fields as faeces and used as organic fertilizers. 
64 Yonatan Kelder
Inside agricultural plots, ploughing and tilling the soil reduce the spatial variability in the distribu-
tion of soil resources in the top soil layer. Soil nutrients and organic material are being spread and 
mixed throughout the agricultural plots and soil layers. In this way the spatial heterogeneity of soil 
resources on a micro scale is being eliminated.
 7.3. Changing Urban Vegetation
Urban ecosystem support patches of vegetation with varying characteristics. These are dynamically 
changing as  a  result  of interaction  between vegetation  and other  factors  in  the ecosystem.  The 
spatio-temporal  heterogeneity  that  is  being  created  as  a  result  of  these  dynamic  variations  is 
discussed below.   
 Different Patches, Different Vegetation
From the analysis of canopy cover and vegetation productivity (Fig. 10 and 11), and from the inter-
views and transect-walks, the heterogeneous disappearance and reappearance of vegetation is seem 
to be related to disturbance and altered resources. In the outskirts of the urban area, the typical agro-
pastoral vegetation is removed from the landscape as settlements are built. This type of disturbance 
in many cases eliminates the spatial heterogeneity of the pre-urban ecosystem. However, since this 
kind of disturbance is happening at different areas at different times and at different rates, the spa-
tial heterogeneity, or patchiness, actually seems to be increasing at an urban scale. 
Interviews and literature (Fournet et al. 2008) indicate that all of the study sites that belong to the 
first two types of eco-patches are not connected to the municipal water system. Thus in these areas 
the inhabitants need to buy and to transport water from hydrants and wells (each provide water for 
about 1000 residents). Some of these water sources, as pointed out by people interviewed, cannot 
support the growing population and its need for water. Thus water, especially during the dry season, 
is a limited resource, both in quality and quantity (Fournet et al. 2008). For people living in the out-
skirts of the city, this means that watering of trees and crops is an expensive and labour-intensive 
practice. This is therefore not a common activity at these areas.
Small-scale agriculture for supplementing the household economy is a common practice in eco-
patch type two, that showed decrease in NPP since the year 2000. In these patches more than two 
thirds of the households interviewed have had some form of agricultural plots in their vicinity. The 
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most probable reason for the decrease in NPP in these patches is the recent land-use change from 
agro-pastoral into urban area. Consequently,  despite the small-scale agricultural plots, which are 
common in these areas, the total vegetation land cover is decreasing due to development initiatives. 
Figures 10 and 11 focuses only on canopy cover by bushes and trees; however they indicate a sim-
ilar trend of decreasing vegetation productivity in these eco-patches. Moreover, interviews indicate 
that inhabitants in eco-patches one and two remove ground vegetation in free parcels in these areas 
due to economic, security and public health reasons. 
In eco-patch type three, NPP as well as canopy cover has increased since 2002 (Fig.  10 and 11). 
The same type of disturbance, which is an on-going process in eco-patch type two, has happened 
here as well. However, this process has happened earlier than in eco-patch two. As soon as houses 
were built, trees and bushes were planted. These are maintained, but as a rule of thumb, they are left 
to grow up to certain size. 
Even though the patterns of increase in canopy cover were not closely followed for long enough 
after disturbance. It was observed that canopy cover has shown fast increase in the first years after  
disturbance. Examples are seen in sites South 3 (Fig. 10) and South 1 (as specified in the caption for 
figure 11). If the vegetative canopy cover, as a proxy of biomass accumulation in these urban eco-
patches  follows  the  common  pattern  of  vegetative  aboveground  biomass  accumulation  in,  for 
example, forest (Krankina et al. 2005) and marine (Lotze et al. 2011) ecosystems after disturbance, 
then the increase in canopy cover is expected  to stabilise in the near future. 
Parameters for evaluating the vegetative community, as productivity (NPP) and canopy cover in the 
urban ecosystem, seem to be related to the type of human settlement (planned versus unplanned, 
legal  versus illegal),  background of the population,  time since disturbance and altered  resource 
availability. These are discussed next. 
It is obvious from the vegetation productivity analysis and from the canopy cover analysis (Fig. 7 
and 10 respectively) that sites of eco-patch type three have a growing vegetative community con-
taining both trees and shrubs. Yet, due the spatial distribution of constructions and plants in the 
study sites South 1 and 3 (plants in the vegetation plots were always inside private yards) it was not 
possible to evaluate the distribution of functional groups within these plant communities. It is there-
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fore not possible to draw a clear conclusion about factors causing patchiness of the plant com-
munity composition of functional groups in this patch relative to the other patches.           
Functional groups composition of the plant community in eco-patch type one seems to be similar in 
this parameter to North 8 at the Green Belt. In sites North 1-3 vegetation plots usually included both 
areas of small-scale agriculture and of house yards. In these sites house yards were usually surroun-
ded by a low wall which allowed sampling of the plant community inside the yard. It was usually 
inside and near the yards that newly-planted trees and bushes were found. Here it is important to 
bare in mind that physical stress, disturbance, resource availability and time can lead to temporal 
and spatial heterogeneity in the distribution of functional groups. In North 8 most of the woody 
vegetation was from the specie Azadirachta indica. This plant is usually a tree (also found as a tree 
in North 1 and 2), yet in the study site North 8, all of the 40 individuals that were sampled had a  
low bushy form (Fig. 18 on the left). Therefore it is concluded that the similarity of the plant com-
munity composition in the two eco-patches is misleading. It seems to be a result of two different 
factors: continuous disturbance in North 8, and time since planting in North 1-3. 
Browsing by ruminants and biomass extraction by human apply continuous stress to the unprotected 
plants in the Green Belt. Plants in eco-patch two on the other hand are relatively newly-planted. 
Therefore plants in both eco-patches have not grown to their full size. It is therefore expected that if 
disturbance regime in both eco-patches continues as it is today, the plant community in eco-patch 
two will become more diverse than it is today, having upper, middle and low stories. The composi-
tion of functional groups in North 8 on the other hand is not expected to continue to change season-
ally in accordance to annual agricultural activity.
Being a part of the rural to urban migration wave, many of the inhabitants in sites of eco-patch two 
have a rural background. This, together with their relative weak economy and the availability of 
nearby land, are influential on the choice of many of them to get engaged in small-scale agricultural  
activity in aim of supplementing the household economy. Inhabitants of eco-patches three and four, 
on the other hand, have moved to the area of Ouaga 2000, in the south of the city, from its old colo-
nial centre (Fournet et al. 2008). These people usually do not have agricultural background and their 
economic condition is better than the conditions of inhabitants migrating from the countryside. In 
the study site South 3 most of the parcels are already occupied, not permitting agricultural activity, 
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nevertheless in South 1, despite the availability of many parcels, no agricultural activity was seen. 
In eco-patch type one, where the socio-economic situation is seem to be the lowest, the high density 
of the houses and the lack of free ground does not allow agriculture. Thus the reintroduction of 
vegetative community in these areas is limited to planting of fruit trees inside the family yard. It is 
possible that inhabitants living in these areas do complement their household economy with some 
agriculture; however this activity is not taking place in free parcels near the house. 
The second type of eco-patch, where income is intermediate the new vegetation planted is mainly 
functional vegetation. Bushes are arranged as a fence around a school, trees were left only if they 
are fruit trees or if where they provide shadow to a nearby house, a business or a public institute.  
Otherwise, most of the vegetation observed is plots of maize, peanuts and millet, grown in empty 
parcels. Yet, some ornamental vegetation was observed next to the yard walls of some of the older 
houses in these areas. 
In areas of the third type of eco-patch, the socio-economic situation of the population is above aver-
age. In these locations the new vegetation is mainly well developed ornamental lawns, bushes and 
trees. Since areas of eco-patch three were planed and built earlier than most of the zones of eco-
patch two, it is not known whether the difference in vegetation distribution and size between these 
two patches is a result of time of planting or altered resources. It is however not imperceivable that 
it is a combination of both. As seen from aerial and satellite photos, the vegetation at eco-patch 
three is mainly ornamental vegetation located around house- and yard walls. Moreover due to the 
urban background of the local inhabitants and their socio-economic situation which does not require 
supplementing the household economy, free parcels are left unexploited. 
The  discussion  above  indicates  that  the  rural  versus  urban  background  of  the  inhabitants  of 
Ouagadougou, their economic conditions, and political factors have an impact on the way they use 
the urban spaces and thus influence the vegetative community.  The resulting removal and reintro-
duction of vegetative communities is occurring at a variety of scales and therefore influencing the 
ecosystem heterogeneity at all scales. 
The plant community in eco-patches five and six is different from all other eco-patches both in 
quantity (total individuals) and in quality (functional groups composition). This is due to the lack of 
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intensive anthropogenic interference with the ecosystem in these patches. The sites are also differ-
ent from each other. While sites North 6 and 7 are dominated by bushes and trees, site Out of the  
city is dominated by high grasses and high bushes/low trees. The reason to that difference was not 
investigated, however resource availability seem to be at least part of the explanation. While sites 
North 6 and 7 are located in proximity of the artificial lakes and wetlands of the urban park, the site 
Out of the city has no such water resources in its vicinity. 
The two eco-patches above have shown increase in NPP since 2000. This pattern is especially dis-
tinctive in North 6 and 7 which have also showed distinctive increase in canopy cover. Direct inter-
actions between rainfall and iNDVI signal or canopy cover in the Sahelian ecosystems are still not 
fully clear (Hein et al. 2011, Huber et al. 2011, Omuto et al. 2010, and Proud & Rasmussen 2011). 
Yet, since these two types of eco-patches have not undergone a land-use change, patterns of rainfall 
can  an  influencing  factor  on  NPP.  The mean  annual  rainfall  for  Ouagadougou  (1971-2000)  is 
744mm. For the years 1996 to 2001, the mean annual rainfall was 658mm while for the years 2002 
to 2008 it was 738mm (INSD 2006a). Hence an increase of 80mm of the annual mean rainfall in the 
seven years prior to 2009, relative to the six years previous to 2002. 
 Intra-Patch Woody Plant Community 
The results of the vegetation analysis indicate a very large variation between one vegetation plot 
and its neighbour, also inside the same study plot. Variations in plant community within the eco-
patches were high at all sites where vegetation was sampled.  These results are an outcome of the 
high diversity within patches and the methods used for vegetation sampling (quadratic plot instead 
of a transect  line).  This result  is  a demonstration of the high spatial  diversity inside the urban 
ecosystem at various scales. Despite being part of the same eco-patch, on a finer spatial scale; a 
house, the yard next to it and the road passing by, are three very different ecosystems. In the case of  
the present study the four vegetation plots within all study sites in eco-patches type one to three, 
were always falling on-top of different types of ecosystems (house, yard, road, agricultural  plot 
etcetera), thus giving representation to the patchiness of urban ecosystems on a variety of scales. 
However, since vegetation analysis on micro-scale was not in the focus of the investigation, these 
results were not noted.     
It is clear from the above that the heterogeneity of the urban ecosystem can also be seen inside the  
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different patches. The decision making processes which influence what plants are located where on 
the intra-patch scale were not investigated in the current research. 
 7.4. Urban Sprawl and Dynamic Eco-patches  
This part of the discussion aim to summarize the parameters discussed above and to illustrate their 
spatial and temporal hierarchy. 
Figure 23 below illustrates the socio-ecological processes and changes in Ouagadougou in the last 
few decades, at different spatial scales. As a rule of thumb, due to demographic pressure and urban 
sprawl, the vegetation in the agro-pastoral ecosystem which dominates the surroundings of the city 
is continuously removed. It is replaced mainly by small-scale agricultural plots and man-made con-
structions, in spontaneous semi-urban settlement which, with time turned into planned urban hous-
ing (Prat 1996). 
Seen from satellite and aerial images, in the planned settlements new vegetation is usually slowly 
planted as the new inhabitants move in. This activity, which is happening at different locations as 
different times and with changing rates increase the spatial heterogeneity of the urban ecosystem. 
As described above, the ecosystem patchiness curve in figure 23 (seen at a city scale), increase as 
patches  of  urban  ecosystem  replaces  the  “original”  agro-pastoral  ecosystem.  This  process  of 
increasing patchiness is, however, slowing down with time. As the planned, legal urbanization is 
taking over the spontaneous illegal form, and as eco-patches from the first type are changing into 
type  two  or  three,  the  similarity  of  the  urban  patches  increases  and  ecosystem  heterogeneity 
decreases. 
The canopy cover curve in figure 23 represents the temporal change at a patch scale. The temporal 
change in canopy cover can follow various patterns. Here I choose to illustrate the pattern which 
seems  to  be  most  common  from  the  canopy  cover  analysis  (Fig.  10)  for  the  outskirts  of 
Ouagadougou. The initial  decrease in canopy cover is followed by a period (of varying length) 
where vegetation cover is minimal. Then the curve indicates a rapid increase in canopy cover, and it 
seems to  follow the  common pattern  of  biomass  accumulation  in  ecosystems  after  destruction. 
Increasing rapidly and then entering a pattern of dynamic equilibrium unless disturbed. As the curve 
reaches its new peak it is unknown if the new canopy cover is higher than, similar to, or lower than 
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the previous canopy cover in the agro-pastoral ecosystem. This seems to be dependent on the type 
of the eco-patch. In the example of South 3, the canopy cover in the urban ecosystem is higher than 
the previous canopy cover in the agro-pastoral ecosystem. This however, is expected to continue to 
change in accordance with the complexity theory.      
 7.5. People and Their Biophysical Environment 
As  demonstrated  above,  the  internal  heterogeneity  and  patchiness  in  the  urban  ecosystem  of 
Figure  23: Schematic illustration of the different scales and processes  of change in Ouagadougou 
urban ecosystem. The deviation between past (grey background) and present (white background) is 
not symbolized by a line but rather by a gradual change of the background. This was done in order to 
stress  the  temporal  heterogeneity  and  to  show that  similar  processes  are  happening  at  different 
patches with various rates and in different times. Notice that the schematic curves of Urban Sprawl 
and Ecosystem Patchiness refer to urban scale. The curve of Canopy Cover on the other hand is on 
an eco-patch scale 
The Ecology of Urbanization: The case of Ouagadougou, Burkina Faso 71
Ouagadougou is a result of the various parameters influencing the properties of each eco-patch. So 
far, it was discussed how anthropogenic parameters as culture, socio-economy and demography of 
the populations effect spatio-temporal distribution of vegetation and nutrients in the urban ecosys-
tem. Next the reverse relations will be shortly discussed. The issues below are mainly extracted 
from semi-structured interviews and the transect-walks and then related to the soil and vegetation 
analysis. 
Soil resources influence on economy – At eco-patch two and four, where free ground is used for 
small-scale agriculture, the fertility of the soil is indirectly influential for the economic situation of 
the inhabitants. Though most of the agriculture is small-scale and usually not the primary source of 
income, it is an activity giving larger economic margins for households. Some of the interviewees 
mentioned using natural fertilizers in their fields thus transporting nutrients from other places, con-
centrating them in soils used for growing crops. 
Recreational spaces and ornamental vegetation – On a local scale, it was observed mainly in 
eco-patches one and two how shade provided by trees is being used by local people for relaxation 
and social meeting point. On a larger (patch) scale, vegetation and soil resources in eco-patch five 
(urban park) are providing space for recreational activity for the city inhabitants. Moreover biomass 
extracted by the park authorities is used by local people for biofuel and construction.   
Negative influence of vegetation on life quality – The majority of the interviewees in eco-patches 
one and two said that vegetation is removed in order to prevent hatching grounds for mosquitoes 
and hiding place for snakes and thieves. Thus, it is at least a common view that “wild” vegetation in 
the urban space is a negative factor. This opinion was not expressed in eco-patch three, which could 
be due to the structured and designed character of the areas in this eco-patch, including the vegeta-
tion. Thus, wild vegetation is only found in these neighbourhoods in free parcels.  
Other effects of vegetation, ornamental and wild, as well as soil resources in the urban ecosystem 
are  related  to  the  theme  of  ecosystem services.  Throughout  the  time  of  the  research  different 
sources of information have indicated the influence of vegetation on urban hydrology, temperature 
and water and air filtration. Moreover the influence of availability of soil resources, nutrients and 
water, on economic activity could be clearly seen in areas near the urban park and the artificial  
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lakes of Ouagadougou where agricultural activity is taking place year round.  These however were 
not investigated thoroughly and therefore only mentioned here as an observation worth studying in 
the future.   
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8. Conclusion 
In what ways do vegetation,  soil  resources and humans interact  to create the patterns of 
patchiness in the urban ecosystem of Ouagadougou?
The conclusion to of the current investigation cannot be a clear-cut linear answer to the research 
question above. The conclusion reflects the work as a whole, hence taking into consideration the 
complexity of interactions between different socio-ecological factors (focusing on soil resources, 
canopy cover, vegetative functional  groups and population) at  a variety of temporal and spatial 
scales. Thus, this conclusion is more of a summary of various integrating factors and the observed 
patterns of their integrations. 
A consequential  linkage was established between people,  vegetation and nutrient  availability in 
urban eco-patches, which were investigated in Ouagadougou. The character of these links is context 
dependent. Yet, since the context itself is formed, among other factors, by vegetation, nutrients and 
people, urban eco-patches were shown to be extremely dynamic interlinked systems. Hence, the 
urban ecosystem of Ouagadougou is a composed of variety of patches, which are defined by their 
socio-ecological  characteristics.  The  patchiness  characteristic  is  independent  of  spatio-temporal 
scales, meaning that patches can be found on a local scale as well as on a metropolitan scale. 
It was observed from a time series of remote sensed data that the plant community and housing in 
eco-patches at the outskirts of Ouagadougou change continuously.  Among the reasons for these 
spatio-temporal variations are the planed versus unplanned urban sprawl, constructed versus uncon-
structed land, high versus low socio-economic status and urban versus rural background of local 
population. In addition to these, household economy, safety and security issues, and the availability 
of infrastructure and municipal services play a role in creating local variations in the urban ecosys-
tem.  
On a local scale, properties of the urban vegetative community as canopy cover and functional com-
position are mainly influenced by anthropogenic disturbance and management. On the urban scale, 
these factors are mainly influenced by water and nutrient availability and management policies.   
Locally, the nutrient concentration in the soil is mostly influenced by anthropogenic rather than by 
biogeochemical processes around vegetation. Thus formation of islands of fertility around woody 
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vegetation seems to be an uncommon pattern of nutrient distribution in the soil at the researched 
eco-patches. On an urban scale soil fertility is determined mostly by water availability and biogeo-
chemical cycles concentrating around vegetative community,  being highest near water resources 
and forestland. Both the local and urban distribution of nutrients depend on the actual biogeochem-
ical cycle of the element. Due to the similarity in concentration of carbon and nitrogen as savan-
na-forest and in urban anthropologically dominated eco-patches it seems that on an urban scale 
human activity does not influence the spatial distribution of these elements in the soil. Moreover, 
carbon and nitrogen were found to similar distribution in all soils, leading to the assumption that 
most nitrogen in the soil is bond to organic compounds, thus acting as a nutritional limiting factor 
for NPP. This is not the case for phosphor, which under conditions of intentional or unintentional 
anthropogenic deposition of nutrients, seems to accumulate in urban soils in its inorganic forms.
The human population and its lifeworlds are influenced by vegetation and nutrient concentration in 
the urban soils in variety of manners which were discussed above. The local population is therefore 
trying  to  manage these components  (the available  natural  resources)  of the ecosystem for their 
favour. Removing or leaving of vegetation in an area meant for development,  protection of the 
urban parks, fertilization of the Green Belt, planting of fruit trees, using manure as fertilizer in small 
scale agricultural plots are all examples of ecosystem management practices. Thus, these activities 
are happening on an urban scale as well as on a local one, by public institutes as well as by private 
institutes and private people.  
As a  rule  of thumb,  disturbance and destruction  of the former  agro-pastoral  ecosystem lead to 
change in the character of the ecosystem. The recovery process of the eco-patches of the urban eco-
system of Ouagadougou seems to follow processes similar to that of other ecosystems undergoing 
recovery. Initial fast increase in biomass is followed by slower change in species and functional 
composition leading to dynamic equilibrium. Changes and disturbance in the urban ecosystem is in 
most cases human driven.    
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Appendix 1: Interview Guide
1. How many people are living in the house?
2. Where did they live before the house was built?
3. When was the house built?
4. What building materials were used?
5. What do people live from/work in?
6. How many animals are there in the house, which type?
7. Is there a yard for the house? 
8. What is the yard used for?
9. What portion of the parcel is built and how much is free?
10. Are there plants in the yard in the rainy season?
11. What do they do/did with the plant material which they remove from their property?
12. How did things changed here in the last ten years?
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Appendix 2: List of Soil Samples Location and Use 
Summary of the soil samples used for analysis of nutrient concentration in the soil. The table is 
organized according to  increasing  iNDVI level  (left  column).  Location  of  the extraction  of the 
different samples is given as the corner of the study plot (for example NW for the north-western 
corner) together with the name of the study site. The total number of replications per iNDVI level is 
the sum of samples and sub-samples.
iNDVI level Site Phosphor Statistical replications Nitrogen and Carbon Statistical replications 
A1 North 3 1 ( NW) 1
2 ( NE, SW) 1
1 (NW) 2
A1 South 1 1 1 1 1
A1 South 6 1 (SE) 1
1 (SW)
1 (SE) 2
Total for iNDVI level A1 3 7
A2 North 2 1 (NW) 1 3 (NW, NE, SE) 1
Total for iNDVI level A2 1 3
A3 North 1 1 (NW) 1
3 (NW, NE, SE) 1
1 (SW) 2
A3 North 8
1 (NW) 1 3 (NE, SE, SW) 1
1 (SE) 2 1 (NW) 2
A3 South 3 1 1 1 1
Total for iNDVI level A3 5 11
B1 Out of the city 1 (NW) 2
3 (NE, SE, SW) 1
1 (NW) 2
Total for iNDVI level B1 2 5
B2 North 6 1 (NW) 1
2 (NE, SW) 1
2 (NW, SE) 2
B2 North 7 1 (NW) 1 2 (NW, SE) 1
Total for iNDVI level B2 2 8
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Appendix 3: List of Plant Species and of Functional Groups
Table 9: List of woody plant species which were identified 
in  the  human-dominated  study  sites.  The  list  above  is 
partial since large number of plants were too damaged to 
identify. 
Species list North 1 North 2 North 3 North 6 North 8 South 6 South 7
2
1
5
1 3 40
2
2 12 3 2
7 1
2
23
10 2 30
1 1
3 1
1 18
2
2
8
1
14
7
2
1
1 7
Total plants identified 53 37 49 20 53 3 3
Acacia seaf
Adansonia digitata
anaggeisses leiocarpus
Azadirachta indica
Balanites aegyptiaca
calotropis procera
cassia alata
Cassia siamea
Combretom glutinusum
Crotolaria micronata
diospyros mespiliformi
Eucalyptus sp.
Hyptis suaveolens
khaya senegalensis
mangifera sp.
mitragyna inermis
Parkia biglobosa
Piliostigmata reticulatom
Piliostigma thonningii
Sclerocaria Bizea
terminalia mentalis
Ziziphus mauritiana
Table  8:  Trees  and  bushes  noted  in  per 
vegetation  plot  (225m2).  In  report  these 
numbers were multiplied by 44,44, converting 
them to trees or bushes per hectare.
Study site Vegetation plot Trees Shrubs/bush
North 1 NW 3 28
NE 0 35
SE 0 9
SW 0 0
Mean 0,75 18
SD 1,50 16,27
North 2 NW 0 9
NE 1 25
SE 1 30
SW 0 0
Mean 0,5 16
SD 0,58 13,93
North 3 NW 0 30
NE 0 2
SE 0 0
SW 0 17
Mean 0 12,25
SD 0 14,06
North 6 NE 12 163
NE 6 33
SE 10 82
SW 4 20
Mean 8 74,5
SD 3,65 64,76
North 7 NW 10 115
NE 4 0
SE 6 24
SW 15 316
Mean 8,75 113,75
SD 4,86 143,64
North 8 NW 0 6
NE 0 10
SE 0 31
SW 0 8
Mean 0 13,75
SD 0 11,62
South 1 NW 0 0
NE 0 0
SE 0 0
SW 0 0
Mean 0 0
SD 0 0
South 3 NW 0 0
NE 0 0
SE 0 0
SW 0 0
Mean 0 0
SD 0 0
South 5 NW 0 0
NE 0 0
SE 0 0
SW 0 0
Mean 0 0
SD 0 0
South 6 NW 0 1
NE 1 0
SE 0 0
SW 0 1
Mean 0,25 0,5
SD 0,5 0,58
South 7 NW 0 0
NE 3 0
SE 0 21
SW 0 0
Mean 0,75 5,25
SD 1,5 10,5
Out of the city NW 0 31
NE 0 41
SE 0 58
SW 2 92
Mean 0,5 55,5
SD 1 26,76
